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FOREWORD

This report was prepared for the National Aeronautics and Space
Administration, Lewis Research Center, under Contract NAS3-13494
to present data and performance of a two-stage fan tested with a rede-
signed 2nd-stage rotor, axial skewed slots in the casings over the tips
of both rotors, and with the resettable stators in their nominal posi-
tions. Mr. R. S. Ruggeri was the NASA Project Manager for this effort,
and Mr. H. V. Marman was the P&WA Program Manager. This teport
was prepared by G. D. Burger, T. R. Hodges, and M. J. Keenan with
contributions from B. Gray, A. Finke, J. Rawlins, A. Merrow, C. Klein
and other P&WA personnel.
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TWO-STAGE FAN
1II. DATA AND PERFORMANCE WITH ROTOR TIP CASING TREATMENT,
UNIFORM AND DISTORTED INLET FLOW

G. D. Burger, T. R. Hodges and M. J. Keenan
Pratt & Whitney Aircraft

SUMMARY

Tests were conducted on a highly loaded, two-stage fan designed for a tip speed of 1450 ft/sec
[442 m/sec] and an overall pressure ratio of 2.8. The purpose of the tests was to determine
detailed aerodynamic performance of the fan with rotor tip casing treatment. The casing
treatment consisted of axial skewed slots located over the tips of both rotors. Fan perfor-
mance data were obtained for uniform and for distorted inlet flows. The data obtained in a
previous test of the fan without casing treatment was used for determining the effects of the
casing treatment.

With uniform inlet flow, casing treatment improved stall margin at part speed without reducing
efficiency or flow; at 70 percent of design speed stall margin increased from 17% with the

solid casing to 26%. At design speed, stall margin decreased from 12% with the solid casing

to 10%. The adiabatic efficiency on the operating line was 82.2% at design speed with casing
treatment, which is 1.5 percentage points less than the design value and 2.8 percentage points
below the value obtained with solid casing. At design speed and pressure ratio, the fan achieved
a corrected flow of 183.5 Tbm/sec [83.3 kg/fsec] which is 0.4% below the design value of

184.2 Ibm/sec [83.55 kg/fsec].

First-stage pressure ratio and efficiency were increased by casing treatment at 70 percent of
design speed but.were decreased at design speed. Second-stage pressure ratio and efficiency
were decreased by casing treatment at all speeds. These results indicate that better overall
fan performance would probably have been achieved with casing treatment over the lst-stage
rotor and a solid casing over the 2nd-stage rotor.

Casing treatment caused significant differences in radial profiles of pressure and temperature
ratios. These profiles resulted in unusual radial patterns of blade-element performance par-
ameters, particularly for the 2nd-stage rotor in which loss apparently decreased between 85 i
percent span and the tip.

A screen-generated, tip-radial distortion, covering approximately the outer 40 percent of the
inlet annulus area and with a distortion parameter, (Pmax - Pmin)/Pmax, of 0.14 at design
corrected flow, increased stall margin at design speed from 10% with undistorted flow to 16%.
At 70 percent of design speed, distortions generated by the same screen reduced stall margin
from 26% to 15%,; efficiency levels were the same as with undistorted flow. The distortion
was completely attenuated at design speed for near-stall and midrange data points, and ap-
proximately half of the distortion was attenuated at wide-open throttle.



A circumferentially distorted inlet flow, covering approximately a 90-degree segment of the
fan inlet annulus area and with a peak distortion parameter of 0.13 at 99 percent of design
corrected flow, increased stall margin by two percentage points at design speed and did not
change overall performance at 70 percent of design speed. Stall pressure ratio at design speed
was lower with the distortion, but the fan could be throttled to a lower flow before stalling.

In general, casing treatment improved stall margin relative to the solid casing in operating
regimes where rotor tip loadings caused stall. Thus, at low speed where the lst-stage rotor tip
was highly loaded, casing treatment increased the stall margin, but no benefit was obtained

at design speed where loadings at the hub of the second stage caused stall.

INTRODUCTION

An extensive program has been conducted by NASA on high speed, highly loaded, single-stage
fans. Based on demonstrations of good performance at high speeds and loadings in single
stages, a two-stage, highly loaded, high-speed fan was designed, fabricated, and tested. The
objectives of the two-stage fan program were to evaluate the stage matching problems, dis-
tortion tolerance, response to stator adjustment, and effectiveness of casing treatment for
such a fan. Design tip speed for the two-stage fan was 1450 ft/sec [442 m/sec]; design pres-
sure ratio was 2.8; tip diameter was 31.0 in. [0.787m], and the hub-tip ratio at the inlet to
the lst-stage rotor was 0.4. Design corrected flow per unit annulus area at the 1st-stage rotor
leading edge was 42.0 ll:tm/sec-ft2 [205 kg/sec-m2] , giving a design corrected flow of 184.2
Ibm/sec {83.55 kgfsec]. Details of the aerodynamic and mechanical designs are given in
Reference 1.

Good aerodynamic performance was documented during the first test of this two-stage fan.
However, this first test was abbreviated due to flutter on the 2nd-stage rotor blades and crack-
ing of the root leading edges of some stator vanes. Results of the first test are reported in
detail in Reference 2.

The 2nd-stage rotor blades were redesigned with partspan shrouds to eliminate flutter, and
the fan was rebuilt with these redesigned blades. A radially skewsd pressure ratio profile
was also incorporated into this redesign with the objective of increasing stall margin. Hub
pressure ratio was raised to increase flow velocities at the hub, thereby reducing critical
blade-clement loadings. Steps were also taken to eliminate stator cracking. Additional 1st-
stage stator vanes were fabricated to insure that all vanes in the rebuild would meect the de-
sign thickness specifications. Stator leading edge pressure sensors were not used on either
stator in the rebuild to avoid stress concentrations, since the data from the first build had
shown that stator discharge instrumentation provides the same information as the leading
edge sensors with good accuracy. Design details of the 2nd-stage rotor with the partspan
shroud are given in Reference 3.

The modified two-stage fan was tested with solid casings to document performance with sta-
tors set at their design stagger angles. Tests were run with uniform inlet flow and with tip-

radial, hub-radial, and circumferential inlet distortions. Results of these tests are reported
in detail in Reference 3.



Stator stagger angle optimization tests with solid casings were conducted at 70 percent,
100 percent, and 105 percent of design speed with uniform inlet flow to obtain increased
overall fan efficiency and stall margin. Results of these tests are reported in detail in
Reference 4.

Axial skewed slots in the casings over the rotor tips have been shown to be an effective
means of improving stall margin when critical loadings occur at rotor blade tips, while
causing only a small penalty in operating line efficiency. Casing treatment can be particu-
larly beneficial when inlet flow distortions are present. Casing inserts with axial skewed
slots were therefore designed to replace the smooth casings over the rotor tips. Slot con-
figurations were based on designs used successfully in previous NASA test programs (ref.
5 and 6). Casing treatment tests were conducted with uniform iniet flow at 70 percent,
85 percent, and 100 percent of design speed and with tip-radial and circumferential inlet
distortions at 70 percent and 100 percent of design speed.

This report presents the test results obtained with the modified two-stage fan with stators
set at their design stagger angles and with casing treatment consisting of axial skewed slots
over both rotors.

The symbols used in this report and performance parameters are defined in Appendix A.

APPARATUS

AERODYNAMIC DESIGN
The two-stage fan test arrangement is shown schematically in Figure 1, and a detailed
description of the aerodynamic and mechanical design of the fan is given in Reference 1.

A detailed description of the redesigned 2nd-stage rotor used in this test is given in
Reference 3.

Design performance parameters at the design point are summarized in Table 1.

TABLE | — DESIGN OVERALL PERFORMANCE PARAMETERS

Corrected Speed: NA/8 = 10720 rpm - Corrected Flow: W\/8/6 = 184.20 |bm/sec
[83.55 kg/sec]

PRESSURE RATIO ADIABATIC EFFICIENCY (%)

Local Cumulative Local Cumulative
Rotor 1 1.786 1.786 89.4 89.4
Stator 1 976 1.742 - 85.3
Rotor 2. 1655 2884 89.9 86.5

Stator 2 971 2.80 - 837



The fan was designed without inlet-guide-vanes (IGV) but with the provision for adding a
variable camber IGV at a later date. Stators were designed with the ability for resetting at
different stagger angles without requiring removal of the fan from the test stand. Both
stators were designed to turn the flow to the axial direction (design position). The tip
diameter of the lst-stage rotor inlet was selected as 31 inches [0.787 m| to permit use of
existing hardware and to allow adequate horsepower margin for the drive engine. With a
required Ist-stage rotor tip speed of 1450 ft/sec [442 m/sec], the design speed corrected to
standard inlet conditions was 10,720 rpm. The inlet inner case diameter was held at a mini-
mum of 10 inches [0.254 m] to prov1de clearance for the front bearing compartment. The
specific flow at the inlet to the 1st-stage rotor was set at 42.0 lbm/sec.:-ft2 [205 kg/sec-m ]
consistent with advanced lan technology. This, with the specified hub-tip ratio of 0.4 and
the chosen tip diameter, yielded a design inlet corrected flow of 184.2 lbm/sec [83.55 kg/fsec].

The average Mach number at the fan exit was approximately 0.5, a practical value for
thrust augmentation.

Flowpath convergence and wall curvature between inlet and exit were used to control velocity
profiles and biade acrodynamic loadings (diffusion factors) near the walls. Design loadings
were similar to those for which good single-stage performance has been obtained, as explained
in Reference 1.

Blockages were included in the aerodynamic design to account for boundary layer growth
on the casing walls and for presence of the rotor partspan shrouds. Boundary layer dis-
placement thickness at the 1st-stage rotor inlet was assumed equal to that measured down-
stream of inlet bellmouths used in research programs at Pratt & Whitney Aircraft. Growth
of the wall displacement thickness through the blade rows of the two-stage fan was
estimated using a correlation developed by W. T. Hanley (ref. 7) wherein growth along the
casing walls is chiefly a function of wall static pressure gradient. To account for the
presence of partspan shrouds, a blockage equal to the percent of total annulus area
occupied by the shroud was applied at the exit of each rotor and the inlet of the following
stator, and half this amount was used at the inlet of each rotor. No allowance for shroud
blockage was applied at the 1st-stage or 2nd-stage stator exits. Total blockage inputs to the
streamline analysis calculation at various axial locations were computed as the sum of end-
wall blockages and shroud blockuges and were applied equally to all stream tubes,

The axial spacings between rotor and stator of both the Ist-stage and 2nd-stage were held
to a minimum, as shown in the flowpath drawing in Figure 2, which is in line with actual
engine design practice. A spacing of slightly more than one inch {0.0254 m] was allowed
between stages to provide room for radial and tangential traverse instrumentation at the
exit of the lst-stage stator. Coordinates of blade edges at the hub and tip are given in
Figure 2. The differences between the coordinates of the original and redesigned 2nd-stage
rotor are due to changes in blade edge location. Flowpath walls were not changed.



Rotor and stator blade sections for both stages of the fan were multiple-circular-arc (MCA)
airfoils designed on conical surfaces which approximate stream surtfaces of revolution.
Blade setting angles were determined from design flow angles and incidence and deviation
angle criteria described in Reference 1. Blade chords were chosen to be consistent with
moderate axial lengths, acceptable loadings, and structural requirements. Airfoil leading
and trailing edge radii and blade thicknesses were chosen to provide mechanical integrity
 while maintaining adequate flow area. A partspan shroud was located at 61 percent span
on the 1st-stage rotor and at 60 percent span on the redesigned 2nd-stage rotor. A view of
a rotor and stator for each blade row of the two-stage fan is shown in Figure 3.

Design details of the lst-stage rotor, the Ist=stage stator, the original 2nd-stuge rotor, and
the 2nd-stage stator, including manufacturing sections defined on planes normal to the
stacking line, are given in Reference 1. Detuils of the redesigned 2nd-stage rotor are given
in Reference 3. A summary of important design paramcters of btades and vanes is given in
Tuble 1. Stator velocity vectors calculated for the negatively sloped total pressure profile
of the redesigned 2nd-stage rotor showed that both stators would be satisfuctory for tests
with the redcsigned rotor.

TABLE Il — BLADE AND VANE GEOMETRIC PARAMETERS

FIRST-STAGE SECOND-STAGE
Rotor
Rotor Stator {Redesign) Stator

Nuinber of airfoils 28 46 60 59
Aspect ratio! 248 275 2.63 2.20
Hub chord, inch [meter] 3.62 [0.092] 2.75 [0.070] 2.10 [0.053] 2.22 [0.056}
Tip chord, inch [meter] 4.55 [0.116] 3.10 [0.079] 1.89 |0.048] 245 [0.062]
Hub solidity 2.38 2.52 2.24 2.25
Tip solidity 1.33 1.55 1.27 1.66

VAverage length/axially projected hub chord

ROTOR TIP CASING TREATMENT

Rotor tip casing treatment,.consisting of axial skewed slots partitioned into front and rear
sections of equal length, was used over each rotor. The casing treatment design is shown

schematically in Figure 4, and the geometric design parameters are listed in Table III. The
slot partitions were centered on the blade stacking line of each rotor.



TABLE 11l — CASING TREATMENT DESIGN PARAMETERS

Rotor 1 Rotor 2

Number of slots’ 252 476
Slot Width
Land width (Circumferential) 2.0 2.083
Slot Width
Slot depth? 5.0 10.
Axial Projected Chord

glot leading edge (%) 19.2 16.8

slot trailing edge (%) 82.1 855
Width of Axial Partition
Total Axial Length 0.1147 0.1067
Siot Area
Total Area 0.5902 0.6036

1 Each slot divided into equal front and rear sections
2 Width measured normal to direction of slot sides, depth measured in direction of slot sides.

MECHANICAL DESIGN

Predicted rotor and stator stresses due to static and dynamic loads are well within the
capabilities of the materials selected. Rotor blades were fabricated from AMS 4928
(titanium alloy); stator vanes were fabricated ltom AMS 5613 (stainless steel); and disks,
spacers, and hubs were fabricated from AMS 6415 (low alloy steel). The 1st-stage rotor
blades have partspan shrouds at 61 percent span from the hub to avoid resonances, and the
redesigned 2nd-stage rotor blades, used in the test described herein, have partspan shrouds
at 60 percent span from the hub to avoid flutter. An oil damped front bearing was in-
corporated as a result of the initial tests which revealed incipient critical speed problems.
Mechanical design of the original fan configuration is described in detail in Reference 1, and
details of the rotor redesign and oil damped bearing design are given in Reference 3.

TEST FACILITY

The test program was carried out in a sea-level compressor test stand (Figure 5) that was
equipped with a gas turbine drive engine with a 2.1:1 gearbox to provide speed-range
capability. Airflow entered the rig through a calibrated nozzle. A 72 ft (21.9 m] straight
section of 42 in. [1.07 m] diameter pipe ran [rom the nozzle to a 90 in. [2.29 m] diameter
inlet plenum. A wire mesh screen and an “‘egg crate” structure located in the plenum pro-
vided a uniform total pressure profile to the compressor. The airflow was exhausted from
the compressor into a toroidal collector and then into a 6 ft [1.83 m]diameter discharge
stack. The stack contained a 6 ft [1.83 m] diamcter valve to provide back pressure, or
throttling, for the test compressor. Two smaller valves, a 24 in. [0.6]1 m]} and a 12 in.
[0.305 m], located in the bypass lines provided fine adjustment of back pressure.



The desired inlet distortion patterns were generated by means of screens attached to a 1in.
x 1in. [0.0254 m x 0.0254 m] mesh base-screen of 1/8 inch [0.0032 m] diameter wire.

A rotatable case with 1?2 struts located 33 in. [0.84 m] upstream of the rotor leading edge
was used to support the base screen. Sketches of the tip-radial and circumferential distor-
tion screens are shown in Figure 6. These screens are identical to those used during the
distortion studies reported in Reference 3.

Rotor strain-gage and inlet hub static pressure instrumentation leads were routed through
the nonrotating nose fairing. Ten struts, 14 inches [0.356 meters] upstream of the rotor
leading edge, supported the forward bearing and the assembly for the strain-gage slip-ring.
Eight struts located 11 inches [0.28 meters] downstream of the stator trailing edge
supported the rear bearing.

INSTRUMENTATION AND CALIBRATION

Airflow to the compressor was measured by means of a calibrated nozzle designed to the
standards of the 1SO (International Organization for Standards). Airflow measurements
were within one percent accuracy. The compressor speed was measured by means of

an impulse type pickup. The pickup was an electromagnetic device which counted

the number of gear teeth that passed within an interval of time and converted the

count to RPM. Between 4,000 rpm and 12,000 rpm, accuracy was within 0.2%.

All temperatures were measured using chromel-alumel, type K thermocouples and were
recorded in millivolts by means of an automatic data acquisition system. Temperature
elements were calibrated for Mach number over their full operating range. Effccts of total
pressure level on temperature recovery were accounted for by using the corrections found
in Reference 8. The thermocouple leads were calibrated for ¢ach temperature element.
Overall rms temperature accuracy was estimated to be +1.0°F [+0.56°K] .

Wedge probes which measured total pressure, static pressure, and air angle and combination
probes which measured total pressure, total temperature, static pressure, and air angle were
calibrated for Mach number as a [unction of indicated static-to-total pressure ratio, with
pitch angle as a parameter. Total pressure recovery and yaw angle deviation were caljbrated
as functions of Mach number and pitch angle. Accuracy of the measured air angles was
within 1.0 degree.

All pressures from probes, fixed rakes, and static taps were measured with transducers and
recorded in millivoits by an automatic data acquisition system. The accuracy of the pres-
sure was 0.1 of the full scale value. Ali pressures from instrument locations upstream of
the lst-stage rotor trailing edge were measured using 15 lbf/in.2 [1.033 x 109 N/m2] tull-
scale transducers. Pressures {tom the trailing edge of the 1st-stage rotor and from all down-
stream locations were measured using 50 lbf/in.2 [346x 10° N/mz] full-scale transducers.
Two proximity detectors, located over the tips of each rotor blade at midchord, were used
to monitor blade tip clearance.

Photographs of typical instrumentation are shown in Figure 7, and the axial and circum-
ferential positions of the instrumentation are shown in Figures § and 9, respectively.
lnstrumentation for measuring overall and blade ¢lement performance data is listed in Table IV,



TABLE IV — PERFORMANCE AND BLADE ELEMENT INSTRUMENTATION

INSTRUMENT PLANE LOCATION

Sta. Q- - Inlet Plenum Chamber

Sta. 6-- Rotor 1 Inlet (2.25 in.
[0.0673 m] upstream
of Rotor 1)

Sta. 8-- Rotor 1 Exit (approx.
halfway between Rotor 1
TE. and Stator 1 L.E)

Sta, 11 - - Stator 1 Exit (halfway

between T.E. of Stator 1
and L.E. of Rotor 2)

Sta. 14 - - Rotor 2 Exit

Sta. 16 - - Fan Discharge (within
14 chord downstream of
Stator 2)

Sta. 17 - - Rig Exit

PARAMETER

tP.p&
air angle 8

P

tip

ttp

iT.Pp &
air angle 8

tfp

ttp

tP.p. &

air angle §

T

TYPE AND QUANTITY
6 pressure taps on plenum wall

6 bare wire chromel-alumel thermo-
couples

6 0.D. and [.D. wall static taps.

2 wedge radial traverse probes spaced
180° apart circumferentially.

two radial rakes with sensors at 10,
30, 50, 70, and 90 percent span
(distortion tests only)

4 0.D. wall static taps approximately
equally spaced circumferentially.

4 Q.D. and 4 I.D. wall static taps,
approximately equally spaced cir-
cumferentially.

Two NASA combination probes -
one with circumferential traverse of
one vane gap, plus radial traverse,
and second probe with radial traverse
at midgap.

4. 0.D. and L.D. wall static taps,
approximately equally spaced cir-
cumferentially.

40.D. and 4 LD. wall static taps
approximately equally spaced cir-
cumferentially.

2 wedge probes, radial traverse,
approxmately 180° apart and located
at vane midchannel.

2 wagce rakes located approximately
180 zpart, radially traversed; 10 elements
across stator gap.

2 w%ke rakes located approximately
180" apart, radially traversed; 13 clements
across stabor gaps.

One circumferential P rake, 5 elements
located at 50 percent span {used for
setting points).

1 ll_ radial locations for uniform inlet flow tests (5, 10, 15, 30, 50, 60, 65, 70, 85, 90, and 95% of passage
height); 5 radial locations for distorted inlet flow tests (10, 30, 50, 70, and 90% of passage height).

Tt Static pressure taps ahead of and behind stators are located on approximate extensions of mean channel

streamlines.



The eleven radial positions at each axial station were defined by the intersection of the
axial station and the streamlines for the redesigned fan which passed through 5, 10, 15, 30,
50, 60, 65, 70, 85, 90,and 95 percent of the passage height at the 1st-stage rotor trailing
edge. Five radial positions were used for the radial distortion tests. These five positions
were located on the streamliines which passed through 10, 30, 50, 70, and 90 percent of
the passage height at the trailing edge of the 1st-stage rotor. The radial locations at which
thése streamlines passed the leading and trailing edges of each blade row are given in Table
XII of Appendix B.

The parameters listed in Table V were used to detect and evaluate rotating stall and were
recorded continually during excursions into stall. When operating near or within the stall
region, two hot-film probes, located at the fan inlet and exit (Stations 6 and 16) with sen-
sors at 25, 50, and 85 percent of passage height from the hub, were used to record velocity
fluctuations continuously on a multichannel tape recorder.

TABLE V — STALL TRANSIENT INSTRUMENTATION

INSTRUMENTATION PLANE
LOCATION PARAMETER TYPE AND QUANTITY

Inlet Nozzle P 1 static tap downstream and 1 static
tap upstream of inlet nozzle

Ap A Ap transducer sensing the differen-
tial pressure between the upstream and
downstream nozzle static pressures

T One nozzle temperature
Sta. 0 — Plepum p One plenum static tap
T One plenum temperature
Sta. 6 — Rotor {nlet v One hot-film probe
Rotor 1, Stator 1, and P One O.D. static tap
Rotor 2 Exit each location
Rotor Blades Stress Strain-gages
Stator Blades Stress Strain-gages
Sta. 16 — Fan Discharge P One O.D. static tap
v One hot-film probe
Sta. 17 - Fan Discharge P One circumferential pressure rake

at 50 percent span

Gearbox N Impulse pick-up



Accelerometers were used to measure shaft vibration and stationary and rotating critical parts
were instrumented with strain-gages to determine levels of vibratory stress over the operating
range of the compressor.

PROCEDURES
TEST PROCEDURES

The mechanical integrity of the test compressor had been established during extensive
shakedown tests conducted with solid casings (ref. 3), and no flutter limits or shaft vibra-
tion problems were encountered over the full operating range. A brief shakedown test was
conducted with uniform inlet flow after installation of the casing treatment, and no ex-
cessive stresses or flutter limits were encountered.

Rotating stall surveys were conducted at 70 percent, 85 percent, and 100 percent of design
speed. Data from the hot-film probes and selected rotor and stator strain-gages along with a
speed signal and stator exit O.D. static pressure were recorded simultaneously by a multi-
channel tape recorder. The other transient parameters shown in Table V were recorded at
1.5 second intervals as the fan stage was throttled toward stall; approximately 100 scans
were made by the automatic recording system from wide-open throttle to the minimum
flow condition.

Fan overall and blade-clement performance was obtained for 14 data points with uniform
inlet flow at 70 percent, 85 percent, and 100 percent of design speed and for six data points
at 70 percent and 100 percent of design speed with tip-radial distortion. At each speed,
data points were taken between the maximum flow attainable and the low-flow stability
limit. Hub distortion tests were not conducted because rotor tip casing treatment is not
likely to improve performance with a hub distortion. Also, the 2nd-stage rotor strain-gages
had become inoperable, and indications of a resonance (at low stress levels) had been de-
tected with hub distortion during the solid-casing tests. With circumferential inlet distor-
tion, three-data points at 70 percent of design speed and three data-points at design speed
were taken to determine overall performance and velocity distribution data at the fan inlet
and fan exit. Measurements were made at approximately 30-degree increments around the
circumference for three data-points (one at 70 percent speed and two at design speed) and
at approximately 90-degree increments for the remaining three points.

DATA REDUCTION TECHNIQUES

All steady-state performance data were automatically recorded in millivolts on computer
cards and then converted to engineering units, corrected, and used to calculate overall and
blade clement parameters as described in the following sections.

Data Correction and Averaging

The data obtained from impact tube type total pressure probes (fixed radial rakes and trav-
ersing wake rakes) located in supersonic flow were coirected for shock 1oss.
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Wedge probes were used to measure total pressure, air angle, and static pressure. Mach num-
ber was determined from calibrations of measured total and static pressure. The measured
total pressure and flow angie from these probes were corrected using Mach number calibration
curves for individual probes. The resulting calibrated Mach number and corrected total pres-
sure were then used in conjunction with standard air-property tables to calculate static pres-
sure.

Combination probes were used to measure total pressure, air angle, static pressure, and total
temperature. Corrections were based on probe calibrations simitar to those previously de-
scribed for wedge probes but with an additional calibration of total temperature recovery
versus Mach number. :

All thermocouple signals were converted to temperature measurements using wire calibra-
tions for individual sensors. These temperature measurements were converted into total
temperature using calibrations of total-temperature recovery versus Mach number for in-
dividual sensors and the pressure-level correction given in Reference 8.

The total pressure impact tube on the NASA combination probe used to traverse the first-
stage exit failed during testing, indicating a sudden deterioration in first-stage performance.
The probe was recalibrated before being repaired so that the data taken with the damaged
probe could be corrected. Some difficulty was experienced in obtaining a satisfactory
calibration of the damaged probe. This questionable recalibration affected all blade-
element performance parameters and the first-stage overall performance for those data
points taken with the damaged probe. Performance parameter tabulations are marked for
data points taken with the damaged probe. Fan overall performance measurements were

not affected.

For tests with uniform inlet flow, circumferential total pressure distributions obtained at
the exits of the 1ststage and 2nd-stage stators were mass-flow averaged at each radial
position using the comresponding measured distribution of total temperature and. a constant
circumferential static pressure determined by linearly interpolating between static pressure
measurements from wall static taps or from wedge probe traverses. The arithmetic average
of the three highest values from the circumferential total pressure distribution measured
across the passage between adjacent stator vanes at each radial location was chosen to
represent the free-stream or stator inlet pressure at the appropriate percent of span. A cir-
cumferentially mass-flow averaged total temperature was also calculated at each radial
position using measured circumferential distributions of total temperature and pressure and
static pressure linearly interpolated between wedge probe or inner and outer wall static tap
measurements. Circumferentially mass-flow averaged temperatures from the two tempera~
ture.wake rakes at the 2nd-stage stator exit were arithmetically averaged for each radial
location. During tests with solid casings, one pressure wake rake did not traverse properly
for some data points. Comparison of measurements made when both rakes were functioning
properly showed excellent agreement. This agreement was also obtained in tests with casing
treatments. On the basis of this, only data from the pressure rake that worked consistently
for all tests were used in the calculation of performance parameters for points tested with
uniform and radially distorted inlet flows.
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Air angles measured by circumferential traverses at the exit of the 1st-stage stator were mass
flow averaged at each radial location. Air angles measured by the two wedge-probes at the
exit of the 2nd-stage stator were arithmetically averaged at each radial location.

For tests with tip radially distorted inlet flow, radial traverses at the exit of the 1st-stage
stator were made at midgap — combined circumferential and radial traverses were used for
the uniform inlet flow tests. Ratios of midgap measurements to gapwise mass-flow averaged
total pressure and temperature and free-stream total pressure were correlated for uniform
inlet flow data. These correlations were then used to calculate overall performance and
blade-clement parameters for the 1st-stage rotor and stator with radially distorted inlet flow.
An example of one of the pressure correlations is shown in Figure 10. This technique was
also used in the analysis of tests with inlet distortions conducted with solid casings (ref. 3).
The major disadvantage of this method is that the calculated stator 1 total pressure loss does
not vary with incidence angle. The resulting error is largest for open-throttle and near-stall
data points. Fan overall performance data were not affected by inaccuracies inherent in this
method.

For tests with circumferentially distorted inlet flow, fan inlet total pressure was calculated
by radially mass-flow averaging the measurements made by each fixed rake and arithmetically
averaging these radial mass-flow averages. This arithmetic average included inlet rake
measurements made at all rotations of the circumferential inlet distortion screen. First-stage
and 1st-stage rotor performance with circumferentially distorted flow is not presented. It
was not possible to check measurements made by the damaged probe since the “redundant”
probe was in a different flow region. Fan exit total pressures and temperatures were mea-
sured by means of wake-rake traverses at all rotations of the distortion screen. Total pres-
sures and temperatures were each circumferentially mass-flow averaged for each rake at
each radial location. These values were radially mass-flow averaged at each rake position
relative to the screen. Overall average total pressure and temperature were calculated by
arithmetically averaging the circumferentially and radially mass-flow averaged values for
each wake rake position.

Performance Parameter Calculations

Qverall and blade element performance parameters were calculated for uniform and
radially distorted inlet flows by means of a flowfield analysis computer program. All para-

meters were corrected to standard day conditions. Inputs to the flowfield program are
listed in Table V1.

Total pressures and temperatures were ratioed to compressor inlet values (Station 6).
Compressor inlet total pressure was assumed equal to the inlet plenum pressure for tests
with uniform inlet flow. For tests with distorted inlet flows, overall pressures were ratioed
to the mass-flow average of the total pressures measured by the rakes at the fan inlet.
Temperatures were always ratioed to the inlet plenum temperature.

12



TABLE VI — INPUT PARAMETERS TO FLOWFIELD PROGRAM

LOCATION PARAMETER
Compressor lnlet 1)  Corrected mass flow
(Station 0, Figure 6) 2)  Corrected rotor speed
Rotor 1 Inlet Instrument 1)  Total pressure ratiol versus radius
Plane (Station 6) 2)  Constant radial blockage factor
Stator 1 Inlet 1)  Total pressure ratio versus radius
(Station 9) 2)  Constant radial blockage factor
Stator 1 Exit Instrument 1)  Total temperature ratio versus radius
Plane (Station 1 1) 2)  Total pressure ratio versus radius

3)  Constant radial blockage factor
4)  Absolute air angle versus radius

Stator 2 Inlet 1)  Total pressure ratio versus radius
{Station 14) 2)  Constant radial blockage factor
Stator 2 Exit Instrument 1)  Total temperature ratio versus radius
Plane (Station 16) 2)  Total pressure ratio versus radius

3)  Constant radial blockage factor
4)  Absolute air angle versus radius

Ratio = 1.0 for uniform inlet flow. For radial digtortiongs, ratio is lacal value of total pressure divided by mass-flow
everage of total pressure at Station 6.

A blockage factor was used at each axial location to improve the accuracy of the static pres-
sure and velocity calculations of the flowfield program. Blockages were applied equally to
all stream-tubes at each of the axial locations. Axial distributions of flow blockage factors
were selected so that the hub and tip static pressures obtained from the flowfield calculations
gave the best agreement with the wall average pressure for a representative midthrottle op-
erating point at design speed. As shown in Table VII, the flow blockage factors used in the
data reduction flowfield calculation were the same as those used in the redesign of the 2nd-
stage rotor except at the trailing edge of the 2nd-stage stator where three percent blockage
was added to the calculation for data reduction. These values are the same as those that had
been used to reduce the data from the design stator-setting test reported in Reference 3 —
details of the blockage selection and static pressure comparisons are given in that reference,
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TABLE Vil — ANNULUS BLOCKAGES

. DATA )
STATION REDUCTION (%} REDESIGN (%)
Rotor 1 Leading Edge 24 2.4
Rotor 1 Trailing Edge 4.1 4.1
Stator 1 Leading Edge 4.1 4.1
Stator 1 Trailing Edge 2.8 2.8
Rotor 2 Leading Edge 2.8 2.8
Rotor 2 Trailing Edge 5.3 5.3
Stator 2 Leading Edge 53 5.3
Stator 2 Trailing Edge 6.5 35

and Downstream

All static pressure distributions and air angles behind the rotor were calculated by the
streamline flowfield computer program, assuming axisymmetric flow and using mass flow
continuity, radial equilibrium, and energy equations. Curvature, enthalpy, and entropy
gradient terms were included in the equilibrium calculations. Aerodynamic conditions at
the blade edges were calculated by translating the measured data from the instrument
plan¢ along streamlines to the blade edges. Blade element parameters were calculated for
airfoil sections lying on conical surfaces defined by the intersections of design streamlines
and the blade edges. Calculations were made on design streamlines passing through the
Ist-stage rotor trailing edge at 5, 10, 15, 30, 50, 60, 65, 70, 85, 90,and 95 percent of the
passage height for uniform inlet flow and at 10, 30, 50, 70,and 90 percent for radially dis-
torted inlet flow. Blade-edge stations were input to the flowfield calculation as slanted
straight lines which closely approximated the meridional profiles of the manufactured
blade edges. In addition to the blade element parameters, the output of the flowfield
analysis program also includes overall performance of the 1st-stage rotor blade row, the
first stage, the first stage plus the 2nd-stage rotor, the 2nd-stage rotor, and the complete
two-stage fan. Blade-element performance data for uniform and radially distorted flow
tests are tabulated in Appendixes Cand D. Accumulated overall performance to the

exit of each blade row is tabulated at the bottom of the blade element data sheet for that
blade row.
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UNIFORM INLET FLOW

Fan Overall Performance

RESULTS AND DISCUSSION

An overall performance map for the two-stage fan with uniform inlet flow is shown in
Figure 11 for the configuration with casing treatment (axial skewed slots) over both rotors.
For comparison, fan performance with solid rotor-casings has been included as dashed lines.
As shown in the figure, the rotor casing treatment improved stall margin at 70 percent of
design speed; however, at design speed there were significant performance penalties in
terms of fan pressure ratio, efficiency, flow, and stall margin. There were also performance
penalties at 85 percent of design speed but to a lesser degree than at design. Performance
parameters at 70 percent, 85 percent, and 100 percent of design speed are compared in

Table VIII.

TABLE VIII — COMPARISON OF PERFORMANCE PARAMETERS WITH ROTOR TIP
CASING TREATMENT AND SOLID CASING FOR UNIFORM INLET FLOW

DESIGN SPEED
Peak Efficiency (%)
Peak Pressure Ratio
Maximum Inlet Corrected
Airflow (% Design)
Stall Margin (%)

85% OF DESIGN SPEED
Peak Efficiency (%)
Peak Pressure Ratio
Maximum Inlet Corrected
Airflow (% Design)
Stall Margin (%)

70% OF DESIGN SPEED
Peak Efficiency (%)
Peak Pressure Ratio
Maximum Inlet Corrected
Airflow (% Design)
Stall Margin (%)

CASING
TREATMENT

82.3
2.947
99.9

10
84.7
2.255
83.7
16
84.2
1.735 (at stall)

67.3

26

SOLID
CASING

854
3.043 (at stall)
100.8
12
85.5
2.269 (at stall)
84.4
16
849
1.735 (at stall)
67.7

17
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At 70 percent of design speed where the most probable cause of stall was high acrody-
namic loading in the tip region of the 1st-stage rotor, as explained in Reference 3, the flow
range was extended by the use of rotor casing treatment, resulting in a higher value of stall
margin. At design specd where the most probable cause of stall was high loadings on the
rotor and stator hubs of the 2nd-stage, casing treatment had an adverse effect on stall
margin. The reduction in stall pressure ratio at design speed was due to increased losses
with casing treatment and not to a reduction in work input. Figure 12 shows that work
input (temperature rise) was increased by casing treatment for near-stall conditions over
the entire speed range tested. Stalls at all speeds were abrupt, appearing as cyclic surges.
At design speed the surge cycle period was 2.0 seconds. At 70 percent of design speed the
period was 0.9 seconds.

Stall margin values were calculated for all speeds using the constant throttle operating line
shown in Figure 11. This operating line passes through the design point and corresponds
to a fixed-area fan nozzle. Nozzle Mach numbers were determined by a ratio of static
pressure to total pressure equal to the reciprocal of the fan overall total pressure ratio. The
nozzle flow was corrected to inlet conditions based on the selected pressure ratic and a
temperature ratio derived from test efficiencies. Stall flows, pressure ratios, and calculated
stall margins for uniform inlet flow are listed in Table XIV of Appendix C. Flow capacity
was not affected by casing treatment at 70 percent of design speed but was reduced at
higher speeds. At design speed and pressure ratio, the corrected air flow was 183.5 Ibm/sec
[83.3 kg/sec], which is approximately 0.6% below the design flow of 184.2 lbm/sec
[83.22 kg/sec] and 1% below the flow of 185.3 Ibm/sec {83.72 kg/sec] obtained with solid
casings. Maximum flow at design speed was also reduced by approximately 1%. At 85
percent of design speed, operating line flow was reduced by 0.6% and maximum flow by
approximately 1%.

Efficiency on the operating line was unchanged by casing treatment at 70 percent of design
speed but was reduced by 0.7 percentage points at 85 percent of design speed. At design
speed and pressure ratio, adiabatic efficiency was 82.2% which is 1.5 percentage points
below the design goal and 2.8 percentage points below the efficiency obtained with solid
casings. Peak efficiency at design speed was 82.3% at a pressure ratio of 2.93. With solid
casings the peak efficiency was 85.4% at a pressure ratio of 2.86.

Fan total pressure recovery ratio, defined as the ratio of actual fan pressure ratio to the
ideal fan pressure ratio derived from the measured total temperature ratio, was lower
with casing treatment than with solid casings, as shown by Figure 13. Overall temperature
ratio was also lower with casing treatment, except near stall, as shown by a comparison of
temperature ratio versus corrected flow at design speed (Figure 12). The combination of
lower total pressure recovery (higher loss) and lower temperature ratio (less work input)
explains the loss in pressure ratio with casing treatment. The lower efficiency at design
speed is due to the increased loss.
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Overall Performance of the First-Stage Rotor and First Stage

The 1st-stage rotor had a higher pressure ratio and efficiency with casing treatment than
with solid casings at 70 percent and 85 percent of design speed, as shown by the overall
performance data presented in Figure 14, Casing treatment improved adiabatic efficiency
by approximately 10 percentage points at 70 percent of design speed when the rotor was
near stall, decreasing to no benefit at wide-open throttle. At design speed, pressure ratio
near stall was reduced from 1.86 with solid casings to 1.84 with casing treatment, and
adiabatic efficiency was reduced approximately 1.5 percentage points at the design pres-
sure ratio. Nondimensional plots of pressure coefficient and efficiency versus flow coeffi-
cient (Figure 15) illustrate more clearly the trend of higher pressure ratios and efficiencies
at low speed and lower pressure ratios and efficiencies at high speed.

At design speed 1st-stage rotor work input was not changed by casing treatment, as shown

by the plot of rotor total temperature ratio versus corrected flow for solid and treated rotor

casings (Figure 16). Hence, the efficiency drop with treatment at design speed was caused
by higher Iststage rotor losses; the magmtude of the peak efficiency loss was approxi-
mately 1.5 percentage points.

The first-stage pressure coefficients at 70 percent and 85 percent of design speed were
higher with casing treatment than with solid casings despite higher stator losses with the
casing treatment. This difference between stator loss levels can be seen by comparing the
nondimensional performance plot for the lststage rotor (Figure 15) with the first-stage
performance plot (Figure 17). The improvement in first-stage efficiency with casing treat-
ment at 70 percent of design speed was smaller than for the rotor alone but near stall it
was still approximately 7 percentage points. Casing treatment reduced first-stage pressure
ratio and adiabatic efficiency at design speed due to increased losses in both the rotor and
stator; adiabatic efficiency was reduced by approximately 2.5 percentage points. Pressure
ratio differences at part speed were small, as shown by the first-stage overall performance
data presented in Figure 18.

Overall Performance of the Second-Stage Rotor and Second Stage

Nondimensional performance plots for the 2nd-stage rotor and second stage (Figures 19
and 20) show that pressure coefficients with casing treatment for both the rotor and stage
were lower than those obtained without casing treatment although casing treatment did
provide slightly lower values of flow coefficient. The comresponding lower second-stage
pressure ratios caused a small reduction in fan overall pressure ratio with casing treatment
at 85 percent of design speed and no change at 70 percent of design speed although the

first-stage pressure coefficients increased for both speeds. The general lack of improvement

in second-stage pressure ratio and efficiency is probably due to the fact that critical load-

ings at the tip of the Znd-stage rotor were not reached with solid casings. Since the improve-

ment in first-stage pressure coefficient was not accompanied by any benefit in overall per-
formance, the fan overall performance data indicates that better fan performance would
have been obtained with casing treatment only over the 1st-stage rotor.
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Blade-Element Performance
Spanwise Comparisons

Temperature ratio and pressure ratio versus span are presented in Figures 21 and 22 for

the 1st-stage and 2nd-stage rotors and for the overall fan at near-stall and peak-efficiency
points at design speed with and without casing treatment. Casing treatment caused an
apparent redistribution of work input (temperature rise) such that the total-temperature
ratio for the 1st-stage rotor increased from about 70 percent span to the tip. The tempera-
ture ratio of the 2nd-stage rotor with casing treatment increased in the region between 50
percent and 85 percent of span but decreased in the region from 85 percent span to the tip.

For the near-stall points (Figure 22), the 1st-stage pressure ratio with casing treatment was
lower from the hub to about 85 percent span than without casing treatment and higher

from there to the tip. For the 2nd-stage rotor, casing treatment reduced the pressure ratio
from 50 percent to 90 percent span; however, at 90 percent span the pressure ratio with
casing treatment increased sharply and exceeded the solid casing values from 95 percent span
to the tip. This increase in pressure ratio near the tip is believed to be primarily the result of
radial mixing (particle paths crossing streamlines). The combined effect of casing treatment
on overall fan pressure ratio, as shown by the near-stall points, dropped the level of pres-
sure ratio over the entire span but reduced the gradient of decreasing pressure ratio from

90 percent span to the tip.

Meridional velocity profiles at the second-stage inlet for design speed, near-stall data points
(Figure 23) have a higher velocity near the tip with casing treatment, consistent with the
reduced work input at the tip of the 2nd-stage rotor. The velocity profiles between 50 per-
cent and 85 percent span are nearly identical, however, and do not explain how casing
treatment caused higher work input in this region. The change in work input distribution
is also believed to be primarily the result of increased radial mixing and to a lesser extent to
the change in axial velocity distribution. Casing treatment increased the rise in overall fan
temperature in the tip region.

The efficiency profiles that resulted from the measured pressure and temperature distribu-
tions are shown in Figure 24, These profiles show a drop in 1st-stage rotor efficiency with
casing treatment for the outer 30 percent of span. The profiles for the 2nd-stage rotor with
casing treatment show an efficiency deficit starting at approximately midspan; however,
the efficiency increases sharply in the tip region due to the pressure increase and tempera-
ture decrease in this region. The improbable rise in efficiency outboard of 70 percent span
is a strong indication that flow was transported radially across streamlines. The region of
low efficiency between 60 percent and 95 percent span at the fan exit resulted in the loss in
fan average overall-efficiency with casing treatment.

The large differences in temperature and pressure profiles in the tip region between the
solid and treated casings at design speed are less evident at 85 percent and 70 percent speed.
Figures 25 and 26 show the resulting radial profiles of efficiency for similar solid casing

and casing treatment points at 85 percent and 70 percent speeds, respectively, showing
smaller differences in the efficiency profiles of both rotors and of profiles at the fan exit.
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Variations of Blade-Element Parameters with Incidence Angle

Blade-element plots of deviation angle, diffusion factor, and deviation angle versus suction
surface incidence angle at 11 radial locations for rotor 1, stator 1, rotor 2, and stator 2 are
presented in Figures 27 through 30, respectively. The solid line represents design speed per-
formance for solid casings and is based on data given in Reference 3. (Radial distortion
blade element data on parts b, d, e, h, and j of these figures are discussed in the Tip Radially
Distorted Inlet Flow section of this report.) Although radial mixing of the flow was indica-
ted in spanwise profiles of pressure and temperature (Figures 21 and 22), blade-element per-
formance parameters were calculated assuming no mixing. Tabulations of blade-element
data are given in Appendix C.

Rotor 1: The blade-clement data for the 1st-stage rotor (Figure 27) shows that the nartow
range of incidence angles at design speed was extended about one degree on the stall side
(higher incidence) with casing treatment. Increased flow range provided a wider range of
blade-element incidence angles which gave a better definition of increasing loss at extremes
of high and low incidence angles. At design speed with casing treatment, losses increased
with both low and high incidence angles, whereas with solid casings the losses increased only
at low incidence angles, At 85 percent to 95 percent of span, losses were higher and devia-
tions lower with casing treatment over the entire design speed incidence angle range, causing
the rise in tip temperature ratio seen in Figure 21 and the corresponding efficiency penalty.
The range of incidence angles increased with decreasing speed and the level of minimum loss
decreased, both with casing treatment and with solid casings. The near-stall values of tip
loading were higher with casing treatment, especially at 70 percent speed. Casing treatment
raised the level of critical tip-loading, allowing the fan to operate at lower flows at 70 per-
cent speed.

The calculated loss coefficients were negative for blade elements near the hub for certain

data points with casing treatment, similar to those calculated with solid casings. These nega-
tive losses are attributed to two causes: 1) low temperature rise at low speeds magnified the
effect of any temperature measurement errors and 2) temperature and pressure sensors were
offset radially and the interpolations in regions of steep radial gradients may not have matched
temperatures and pressures accurately. Distribution of loss between rotors and stators is not
believed to be the source of the problem since stator losses appear to be reasonable for these
points.

Stator 1: The blade-element data for the 1st-stage stator (Figure 28) shows that loss
coefficients were relatively insensitive to incidence angle or speed near the hub with levels
generally higher with casing treatment than with the solid casing. At design speed the por-
tion of the span influenced by the 1st-stage rotor partspan shroud had lower losses with
casing treatment than with the solid casings and shifted to higher incidences, indicating a
decrease in flow through this region. At part speeds, stator loss patterns were nearly
identical with treated and solid casings.
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Diffusion factor levels were essentially the same for solid and treatad casings except from
90 percent to 95 percent of span where near-stall values were higher at all speeds with tip
treatment. At 70 percent speed where the levels of the stator 1 tip diffusion factor may
have initiated fan stall, with casing treatment a diffusion factor of 0.663 was attained at
90 percent span at an incidence of 18.3 degrees compated to the solid casing test value of
0.580 at an incidence angle of 16.7 degrees.

Deviation angles were slightly higher with casing treatment than with solid casings at design
speed. Agreement with design values of deviation angle was generally within about two
degrees.

Rotor 2: Blade-element data for the 2nd-stage rotor (Figure 29) shows that the hub load-
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ings at design speed with casing treatment did not reach as high a level as with the solid
casings. The maximum diffusion factor with casing treatment was 0.59 near the hub and
partspan shroud but with solid casing it was 0.64. Since a diffusion factor value of about
0.65 is associated with stall, with solid casing the hub of the 2nd-stage rotor was a probable
cause of stall. It is not clear which blade element(s) initiated stall at design speed with
casing treatment. There is evidence of choking at design speed with treated casings, similar
to trends with solid casings, as shown by the sharp increase in loss with decreasing incidence
near the hub. This choking evidence suggests that the 2nd-stage rotor litnited the fan flow.
Loss levels with casing treatment were slightly higher at the hub and significantly higher
from midspan to 88 percent of span, dropping to below the solid casing losses at 94 percent
of span.

Deviation angles with casing treatment were approximately two degrees lower over the
entire span than with solid casings. The most probable explanation for this apparent change
in deviation angle level is insufficient blockage assumed in the streamline calculation of
blade-element velocity vectors for the casing treatment test points. For consistency, the
same blockages were used for solid and treated casing data analysis. The reduced level of
deviation angtes with treatment is an indication that effective blockage was higher with
casing treatment. A second indication of increased blockage is the incidence angle at which
the 2nd-stage stator choked. Figure 30b shows that at design speed, the 2nd-stage stator
hub (7 percent span) choked at approximately 1.5 degrees higher incidence angle in the
casing treatment test.

Stator 2: The blade-element data for the 2nd-stage stator (Figure 30) shows an abrupt

mse in loss with increasing negative incidence angle over the inner half of the vane span.
This abrupt rise in‘loss indicates choke, and it occurred at all speeds. Blade elements in the
outer half of the vane span did not have these abruptly changing losses: instead, the losses
increased steadily as the incidence angles decreased below design values. This loss pattern
is similar to that observed with the solid casings.

An abrupt decrease in deviation accompanied the rises in loss with decreasing incidence
angle. The deviation angle changes may be a result of large stator wakes reaching the gap-
wise location of the probe and affecting the angle measurement. Loss and loading levels at
design speed were generally in good agreement over most of the span both for treated and
untreated casings. A shift to lower incidence near the tip occurred with treated casings
with a corresponding rise in losses on the choke side.



TIP RADIALLY DISTORTED INLET FLOW

The radial-distortion screen shown schematically in Figure 6 was used to generate an
axisymmetric total pressure defect that covered approximately 40 percent of the annulus
area at the fan inlet. At design speed the distortion parameter, (P - P . )P ), was
0.15 with maximum flow and 0.13 with near-stall flow. Figure 31 shows the spanwise
distribution of total pressure at the fan inlet for the flow range from wide-open throttle
to near-stall flows at design speed.

Overall Performance

Overall performance for the fan, the first stage, and the 1st-stage rotor is shown in Figures
32, 33, and 34, respectively. Fan performance with tip radially distorted inlet flow and
casing treatment is compared to the uniform inlet flow performance with casing treatment
and to the solid casing performance with tip radially distorted inlet flow. At design speed,
tip radially distorted flow increased stall margin from 10% with uniform inlet flow to 16%.
At 70 percent of design speed, the tip distortion reduced stall margin from 23% to 15%.

Comparison of performance curves for tip radially distorted flow with treated and solid
rotor casings shows that the stall lines are nearly the same. At design speed, casing treat-
ment decreased flow so that the operating-line pressure ratio was 2.79 compared to 2.82
without casing treatment. The operatingline efficiency with casing treatment decreased
from 84.7% for solid casings to 82.0%. Casing treatment increased stall margin slightly
from 15% to 16%. At 70 percent of design speed, flow increased slightly so that the
pressure ratio on the operating line increased from 1.69 with solid casings to 1.7] with
casing treatment. The pressure ratio at stall was also higher with casing treatment, but
stall occurred at a higher flow to give approximately the same stall line. Stall margin based
on the operating line decreased from 18% with the solid casing to 15% with casing treat-
ment. The operating-line efficiency decreased from 84.1% with solid casings to 83.8% with
casing treatment,

Performance of the first stage and the 1ststage rotor with uniform and with tip radially
distorted inlet flows with and without casing treatment are compared in Figures 33 and
34. At design speed with casing treatment, a higher pressure ratio was obtained at stall
with this distortion than with the undistorted flow; however, the pressure ratio was no
higher than that obtained with solid casings. The solid casings gave a higher efficiency and
flow capacity than the treated casings. The distortion reduced stall pressure ratio at 70
percent speed, but the pressure ratios were higher for the entire 70 percent speed line with
casing treatment than with solid casings with the same distortion. The increases in first-
stage pressure ratio and efficiency at 70 percent speed with casing treatment and the reduc- -
tion at design speed are consistent with observed effects of casing treatment on fan overall
performance.
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Blade-Element Performance
Spanwise Compatison

Spanwise profiles of stage total pressure ratio for near-stall conditions at design speed with
uniform and tip radially distorted flow are compared in Figure 35. Each value of pressure
ratio in Figure 35 is equal to a local value of exit total pressure divided by alocal value of
inlet total pressure, where both pressures lie on the same streamline. The resulting pressure
ratio profile does not represent a profile of absolute total pressure. The spanwise profile
for tip radially distorted flow with solid rotor casings (ref. 3) is also shown. The figure
shows that the outer portion of the span of the first stage with casing treatment had a
higher pressure ratio with the distortion. It also shows that for the same tip distortion, the
radial gradient of first-stage pressure ratic was steeper from midspan to the tip with casing
treatment.

The total-pressure defect at the 1st-stage hub with tip radially distorted flow with casing
treatment was not seen in tests with solid casings nor with undistorted flow with casing -
treatment. An incorrect value of total pressute may be the reason for this apparent defect.
Total pressures at the inlet and exit of the 1st-stage stator were based on midgap measure-
ments at the stator exit, corrected using the correlation of gap-averaged and free-stream
total pressures versus midgap total pressures, as explained in the section Data Correction
and Averaging (pg. 10). The correlation may be inaccurate for this operating condition. A
local high-pressure ratio at the 2nd-stage hub apparently compensated for this defect.

Variations of Blade Element Parameters With Incidence Angle

Deviation angle, diffusion factor, and loss coefficient versus incidence angle are plotted in
Figures 27 through 30 for each blade row at five radial positions together with data from

uniform inlet-flow tests. Complete tabulations of blade element data are given in Appendix
D.

_Rotor I: At design speed the Ist-stage rotor operated at lower incidence angles from 10
percent to 70 percent of span with tip radially distorted flow than with undistorted flow
{Figure 27). The data shows that losses increased sharply al these lower incidence angles.
This sharp increase in losses indicates that tip distortion forced flow towards the hub which
tended to choke this region. This flow shift also resulted in higher positive incidences with
distortion at 90 percent of span for both 70 percent and 100 percent of design speed. The
highest diffusion factor reached was 0.6 at 90 percent span for the 70 percent speed near-
stall point, much lower than the 0.71 value obtained with uniform inlet flow. This indi-
cates that the reduction in stall margin at 70 percent of design speed with distortion was
not due to lst-stage rotor stall.

Stator 1: Blade element data (Figure 28) with distortion shows that the 1st-stage stator had
the highest diffusion factors near stall of any blade row at both 70 percent and 100 percent
of design speed. At design speed the diffusion factor at 9 percent span was 0.65. This
loading occurred at an incidence angle that was two degrees higher than at the near-stall
umiform-inlet-flow point which had a diffusion factor of 0.55. At 70 percent of design
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speed the 1st-stage stator tip reached a diffusion factor of 0.67, the same high loading value
as with uniform inlet flow (Figure 28j). The distortion caused the diffusion factor to reach
its loading limit at a higher flow (lower incidence), causing the loss in fan stall margin.

Losses were in good agreement with uniform inlet flow values across the span for both
speeds tested.

Rotor 2: The blade-element data for the 2nd-stage rotor (Figure 29} shows an unusual
amount of scatter. This is particularly true of loss coefficient data at 8 percent and 25
percent of span. This scatter and the negative losses calculated at these spans for both
speeds do not appear to have resulted from an improper division of loss between rotor 2 and
stator 2 but is more likely associated with temperatures or pressures from correlated first-
stage exit data, as explained in the section Data Correction and Averaging (pg. 10). Design
speed loadings were much lower with distortion at all spans while loadings were essentially
the same at 70 percent of design speed. A maximum diffusion factor of 0.59 occurred at 88
percent span for the 70 percent speed near-stall point.

Stator 2: The blade element loss and deviation data for the 2nd-stage stator (Figure 30)
agree very well with data from undistorted flow tests at both speeds. However, design
speed loadings were much lower, never exceeding a value of 0.5.

Attenuation of Radial Distortion

Attenuations of tip-radial distortion through the two-stage fan with casing treatment were
calculated for the three data points at design speed. Due to radial variations in total pres-
sure present in the design profiles (uniform inlet flow) at the first-stage exit and at the fan
exit, an attenuation parameter, A, at a given station x was defined

- Arx 1 (AP/P) test,x — (A P/P)design,x

100 (AP/P) test, inlet

where AP/P= (P

max Pmin )/P max

The minimum pressure is determined by the local minimum in the distorted region. A
negative sign is attached to each A P/P for which the pressure in the hub region exceeds the
pressure in the tip region. Thus the design AP/P at the fan exit is negative since the design
exit total pressure is higher at the hub than at the tip. The AP/P at the inlet is negative for
the tip distortion. Any time the test AP/P at the first-stage or fan exit matches the design
AP/P, the distortion is considered fully attenuated and the value of A = 100. Negative values
of A_represent amplified distortions, values of A between 0 and 100 represent the percent-
ages of attenuation, and values greater than 100 represent over-attenuated distortions. Table
IX presents a summary of attenuation parameters calculated at design speed for tip radially

distorted inlet flow. Figure 36 compares spanwise total pressure profiles at the fan inlet,
first-stage exit, and fan exit for these data points with the profiles for undistorted flow and

23



24

with the profiles for tip radially distorted flow and solid casings. Pressures were ratioed to
the average fan inlet total pressure. The figure shows profiles of absolute pressure, not pro-
files of pressure ratio along streamlines. The shapes of the total pressure profiles at the first-
stage exit and fan exit are not markedly different for uniform and distorted inlet flow. At
the first-stage exit, the total pressures at the hub with tip distortion were generally higher
with solid casings than with casing treatment. This difference was smaller at the fan exit than
at the first-stage exit. Pressure differences at the tip were small for all three fan configura-
tions. The combination of lower pressure at the hub and normal pressure at the tip resulted
in attenuation parameters over 100 percent for the midrange and near-stall data points. Cas-
ing treatment increased the amount of attenuation at the near-stall design speed data point
to 103.7% compared to 86.7% with solid casings. At wide-open throttle, attenuation was
approximately the same as with solid casings.

It should be noted that the first-stage data for all radial distortion tests were affected by a
damaged combination probe at the first-stage exit. Although the recalibration of the probe
in its damaged condition was used to reduce these data, first-stage performance and all
blade-element data must be treated with some caution.

TABLE IX — ATTENUATION PARAMETERS AT DESIGN SPEED FOR TIP RADIALLY
DISTORTED INLET FLOW

THROTTLE SETTING (AP/P) (AP/P) A

test, x design, x X

ROTOR 1, INLET (x = 6)

Wide-open -0.141 Q 0%

Midrange -0.140 0 0%

Near stall -0.134 0 0%
FIRST-STAGE EXIT (x = 11)

Wide-open -0.126 0.021 -4.2%

Midrange 0.113 0.021 4.2%

Near stail -0.041 0.021 53.8%
FAN EXIT (x = 16)

Wide-open -0.157 -0.092 339%

Midrange -0.04 -0.092 137.2%

Near stall -0.087 -0.092 103.7%

CIRCUMFERENTIALLY DISTORTED INLET FLOW

The circumferential inlet-distortion was generated by means of the screen shown schemati-
cally in Figure 6. A distortion pattern was generated which covered approximately a 90-de-
gree segment of the annulus area at the inlet of the 1st-stage rotor. At a near operating-line
data point at design speed, the screen provided distortion parameters, (Prax = Prin )/Pmax,

of 0.115 at 10 percent span, 0.136 at 50 percent span, and 0.135 at 90 percent span. Inlet,
total pressure profiles for this data point are shown in Figure 37.



Fan Overall Performance

Overall performance for the fan with circumferentially distorted inlet flow with and without
casing treatment is shown in Figure 38; performance with casing treatment and uniform

flow is also shown. At design speed, the stall margin was about 12% with treated casings

and circumferentiaily distorted inlet flow; with uniform inlet flow, the stall margin was

10%. With solid casings, stall margin with circumferentially distorted flow was about 10%;

it was 12% with uniform flow — indicating that at design speed casing treatment reduced the
sensitivity to circumferential distortion. Peak adiabatic efficiency with treated casings was
81.6% with circumferentially distorted flow; it was 82.3% with uniform flow. With solid cas-
ings, efficiency was 81.8% with circumferential distortion and 85.4% with uniform flow.

At 70 percent of design speed, stall margin with circumferentially distorted inlet flow was
approximately 25% with casing treatment and 17% with solid casings, about the same values
attained with uniform flow. Peak adiabatic efficiency with circumferentially distorted inlet
flow was 81.4% with casing treatment and 80.9% with solid casings; efficiency with uniform
flow was 84.0% with casing treatment and 84.5% with solid casings.

The overall performance presented in Figure 38 is based on data from two different sets of
screen rotation]. The solid symbols in the figure are points with data from 12 circumferen-
tial locations (30-degree intervals) relative to the screen while the open symbols are points
with only four circumferential locations (90-degree intervals) relative to the screen. To eval-
uate the effects of using four locations instead of 12, four sets of performance parameters
were calculated from a 12-location point (a near-design point). One set of calculations used
data from all 12-locations, and three sets of calculations used data from only four of the 12
locations; each set utilized a different group. The results of these calculations are present in
Table X. The four-location points are labeled A, B, or C for identification purposes. The
maximum difference between fan overall pressure ratios was approximately 0.01, and the
maximum difference between efficiencies was approximately three percentage points. The
four-location data points (open symbols) shown in Figure 38 used the combination identi-
fied in Table X as “A”,

TABLE X — COMPARISON OF PERFORMANCE OBTAINED WITH THE
TWELVE-LOCATION AND FOUR-LOCATION DATA ACQUISITION METHODS

Fan Fan Adiabatic

Pressure Ratio Efficiency (%)
12-Location 2.819 81.56
4-Location A 2817 80.15
B 2.814 . 80.97
C 2.827 83.32

i Only two probes were used, and these probes were held in a circumferentially fixed location relative to
the case. To obtain the additional measurements, the screen was rotated relative to the fixed probes.
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Overall performance parameters for circumferential distortion data points are based on aver-
ages of measurements obtained at different circumferential positions relative to the distor-
tion screen and not on the axisymmetric streamline calculating procedures used for uniform
and radial-distortion flow data points. The two methods for calculating overall performance
are described in the Data Correction and Averaging section of this report (pg. 10). The dif-
ference in performance obtained with the two methods is small. To determine representative
differences, pressure ratio and efficiency for the near-design data point with uniform inlet
flow were calculated using both techniques. With the method employed for circumferentially
distorted flow, the pressure ratio was 0.006 higher and efficiency was 0.12 percentage points
higher.

Circamferential Distributions of Flowfield Parameters

Circumferential distributions of static pressures at design speed are shown in Figures 39 and
40. The static pressures were measured by means of taps on the outer case and inner hub
at five axial locations between the distortion screen and the lst-stage rotor inlet. The pro-
files show regions of lower sfatic pressure behind the screen. The reversed pattern on the
outer wall approximately midway between the screen and the rotor inlet was probably due
to the support strut immediately downstream of this axial location {Figure 8). No pattemn
reversal was seen at the hub at any axial location (Figure 40). Static pressure patterns were
nearly identical to the patterns caused by the circumferential distortion in tests with solid
casings (ref. 3).

Circumferential distributions of total pressure ratio, static pressure ratio, absolute Mach
number, relative flow angle, absolute flow angle, and velocity components at the fan inlet and
fan exit are presented in Appendix E, Tables XXII and XXIII; circumferential distributions
of total temperature ratio for the fan exit are presented in Appendix E, Table XX1V. Figures
41 and 42 show distributions for all these parameters at 10 percent, 50 percent, and 90
percent of span at design speed. Of interest in these plots is the almost complete attenua-
tion of total pressure distortion at 50 percent and 90 percent of span and the apparent
amplification at the hub. The attenuation of the pressure distortion was accompanied by
the generation of a temperature distortion. At the fan exit, the temperature downstream

of the inlet pressure distortion was locally higher than the average for all spanwise posi-

tions (Figure 42). These figures also show the possibility of inaccuracies in performance
parameters based on measurements at four circumferential positions compared to twelve.

The circumferential patterns of total temperature and pressure were similar in shape to
those obtained in tests with solid casings (ref. 3).

Attenuation of Circumferential Distortion
Distortion attenuation is summarized in Table XI for data points obtained with the 12-

location method. The attenuation parameter for circumferential distortion, A_, at station
X is defined 7

A x (A P/P),
100 (AP/P), 1o
P -P
where AP/P = T man
Prax



Negative values for A, represent amplified distortions, and positive values represent per-
cent attenuation. The values of A  in Table XI indicate that a sizeable net attenuation

occurred through the fan, except near the hub. The value of AP/P at 10 percent span at
the fan exit is approximately twice the fan inlet value at design speed and approximately
2.5 times the fan inlet value at 70 percent speed.

TABLE XI — ATTENUATION PARAMETERS FOR CIRCUMFERENTIALLY DISTORTED

70 PERCENT DESIGN SPEED (Near Stall)

W\/_ﬁ_f'5= 96.0 Ibm/sec
143.5 kg/fsec)
P =1.713

r

DESIGN SPEED (Midrange)

W, /T/8 = 180.6 lbm/sec
[81.9 kg/sec]
P, = 2819

DESIGN SPEED (Near Stal)

Ww./6/8

P

r

177.4 lbm/sec
[80.5 kg/sec]
2.847

INLET FLOW

SPAN (%)

10
50
90

10
50
90

10
50
90

SUMMARY OF RESULTS

{AP/P).

0.032
0.036
0.033

0.113
0.136
0.134

0.112
0.13t

0.130

c,16

—166
25
23

~110
74
57

—107
75
55

Tests of a two-stage fan having a Ist-stage rotor tip speed of 1450 ft/sec [442 m/sec] and
casing treatment consisting of axial skewed slots over the tip of both rotors produced the

following significant results:

1.  With uniform inlet flow, casing treatment over the rotor tips decreased stall margin
from 12% to 10% at design speed, caused negligible change at 85 percent speed, and

increased stall margin from 17% to 25% at 70 percent of design speed.

2. Operating-line adiabatic efficiency at design speed was reduced from 85% with the solid
casing to 82.2% with casing treatment. At 85 percent speed, efficiency dropped from
85.5% to 84.7% with casing treatment. The 70 percent of design speed efficiency was

essentially unchanged.
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Operating-line flow capacity was reduced with casing treatment approximately 1.0%

at design speed and 0.6% at 85 percent of design speed. No change occurred at 70 per-
cent of design speed.

Casing treatment increased first-stage pressure ratio and efficiency at 70 percent and
85 percent of design speed at low flow coefficients. Second-stage efficiency was re-
duced by casing treatment for all operating conditions. Better overall fan performance
would likely have been achieved with casing treatment over the Iststage rotorand
solid casing over the 2nd-stage rotor.

Significant differences in radial profiles of pressure and temperature ratios were mea-
sured with casing treatment as compared to those obtained with solid casings.

With tip radially distorted inlet flow and casing treatment, the fan maintained the same
efficiency levels as with uniform inlet flow but with a six percentage point increase in
stall margin at design speed and an eight percentage point decrease at 70 percent of
design speed. The stall line was approximately the same as that obtained with tip dis-
tortion and solid casings. The tip-radial distortion was attenuated for all operating con-
ditions. Distortion was attenuated to a greater degree with casing treatment than with
solid casings.

With circumferentially distorted inlet flow and casing treatment, design speed stall mar-
gin was 2.3 percentage points greater than with uniform inlet flow, but little change
occurred at 70 percent of design speed. Casing treatment improved stall margin by 1.5
percentage points at design speed and 10 percentage points at 70 percent of design
speed with this distortion, while efficiencies and pressure ratios remained essentially
the same as with solid casings. Casing treatment increased attenuation of circumfer-
ential distortions at the tip and midspan but increased distortion amplification at the
hub.
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First-Stage Blade

Second-Stage Redesigned Blade

Figure 3

First-Stage Vane

Second-Stage Vane

Blades and Vanes Employed in the Two-Stage Fan
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TIP-RADIAL SCREEN
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Figure 6 Sketch of Distortion Screens
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Figure 7 Typical Instrumentation Employed in Two-Stage Fan Tests
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SOLID CURVES INDICATES SOLID CASING PERFORMANCE
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SYMBOLS

APPENDIX A

SYMBOLS AND PERFORMANCE PARAMETERS

area, inche32 [metersz}

ratio of specific heats, Btu/lbm-"R [joule/kg-"k]

" diffusion factor

conversion factor, 32.17 lbm-ft/Ibf-sec?

incidence angle, angle between inlet air direction and line tangent to
blade mean camber line at leading edge, degrees (labelled INCM,
Table XIII)

incidence angle, angle between inlet air direction and line tangent to
blade suction surface at leading edge, degrees (labelled INCS, Table XIII)

conversion factor, 778 ft-1bf/Btu [1.00m-kg/joule]
rotor speed, rpm

total prts:ssure:,,lbf/ft2 or r1/m2

static pressure, lbf/ft2 or n/m/2

gas constant for air

radius measured from rig centerline - inches [meters]
streamline number

tota] temperature, - °R [°K]

static temperature, °R [°K]

blade maximum thickness, inc-hes [meters]

rotor speed, ft/sec [ meters/sec]

air velocity,  ft/sec [ meters/sec]
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gl

Superscripts

]
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meridional velocity (V2 + Vz2)% , ft/sec [m/sec] labelled VM, Table XIII)
longitudinal velocity, ft/sec [m/sec]

mass flow rate, Ibm/sec [kg/sec]

axial distance - inches [meters]

absolute air angle, cot™! (Vm/V8), degrees (labelled B, Table XIII)
relative air angle, cot™! (Vm V"), degrees (Iabelled B', Table XIII)
air turning angle, degrees

ratio of specific heats for air

ratiozof total pressure fo standard pressure of 2116 1bf /ft2 [1.0125 x 10°
N/M=]

deviation angle, exit air angle minus tangent to blade mean camber line
at trailing edge - degrees (labelled DEV, Table XIII)

angle between tangent to streamline projected on meridional plane and
axial direction - degrees (labelled EPSI, Table XIIT)

efficiency

ratio of total temperature to standard temperature of 518.7°R [288.16°K]
mass density - lbm /ft3 [kg/meters3 1

solidity, ratio of aesrodynamic chord to gap between blades
flow coefficient

pressure coefficient

angular velocity of rotor, radians/sec

total press loss coefficient

relative to rotor

blade metal angle



Subscripts

ad — adiabatic

des. —  design

in —  inlet

m — meridional direction

n —  selected operating point
p —  polytropic or profile

I —  radial direction

—  ratio (e.g. P, = total pressure ratio}

8§ —  suction surface

zZ —  axial component

7] —  tangential component

0 —  plenum camber

6 —  instrument plane upstream of rotor 1
7 —  station at rotor 1 leading edge

8 —  station at rotor 1 trailing edge

9 -~ station at stator 1 leading edge

10 —  station at stator 1 trailing edge

11 —  instrument plane downstream stator 1
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12

13

14

15

16

station at rotor 2 leading edge
station at rotor 2 trailing edge
station at stator 2 leading edge
station at stator 2 trailing edge

instrument plane downstream stator 2

PERFORMANCE PARAMETERS

a)

b)

124

Relative total temperature

Te=T; +

Incidence angle
im =68'7-8%7
im = B9 - B*9

Incidence angle

iss = 3'7 - IB*s's?'

igg= By -B*0

Deviation angle
80 = 3'8 - ﬁ'*g

5°=810-8*10

Y- 1 '
1+ = o 7)? (rotor 1) IN

(wrg)? - (wry)?

(rotor 1Y OUT
27 Rg

Y-1

based on mean camber line
(rotor 1)
(stator 1)
based on suction surface metal angle
(rotor 1)

(stator 1)

(rotor 1)

{stator 1)



d)

e)

£)

Diffusion factor

VJ
D=1- 8 +

Vig

Vv
D=1 J +

Loss coefficient

|
P, | T,

1g Vag-17 Vg7

frg + 1’7) adg V’?

19 Vg -T10 Va0

(rg +r10) 0 Vg

s
v-1

P R

£l
[

P'7-p7

Pgy-Pig
Py -pog

£]

Loss parameter

weosfg
20

@ceos B g
20

Poivtropic efficiency

(rotor 1)

(stator 1)

(rotor 1)

(stator 1)

(rotor 1)

(stator |)

(rotor 1)
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h) Adiabatic efficiency

nadz
Tig
] 4
Ty
v-1
Piof 7
P r
Nad =
Tio
—
To

i) Stall margin

i ]
SM = 1
W/ O¢/8 P, 6/P6
Stall Reference
B Point or

Vv,

i}  Flow coefficient ¢ = T

mean flow

. A Hid
k) Pressure coefficient ¢ =~ 7T

ad & Tactual ¢p J 8¢

2
U mean flow

P16/Ps
1) Total Pressure Recovery = ————— o

T16/Te x-11
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BLADE SPANS AND DIAMETERS AND COLUMN HEADING IDENTIFICATIONS

This appendix provides the spans and diameters (Table XII) for the blade elements and
column heading identifications (Table XIII) for the computer printouts presented in
Appendixes C and D.

TABLE XiI — SPANS AND DIAMETERS FOR THE BLADE-ELEMENT DATA

w
|

2]
r

—_

—_— O ND G0 =) L B LR e

—_— T ND 00 ) O LA b LD e

Rotor 1 Inlet
Diameter Span

{inches) (%)

13.47
14.52
15.56
18.52
22.22
24.00
24 88
25.76
28.38
29.26
30.13

Raotor 2 Inlet
Diameter Span

5.8
114
17.0
329
52.8
62.4
67.1
71.8
85.9
90.6
953

(inches) (%)

17.87
18.38
18.90
20.51
22.74
23.88
24.45
25.03
26.78
2737
27.96

4.3

8.8
13.5
28.0
48.0
58.1
63.3
68.4
84.2
894
94.7

APPENDIX B

Rotor 1 Exit

Diameter Span

(inches) (%)

15.59
16.35
17.10
19.37
2238
23.39
24.65
25.40
27.67
28.42
29.18

50
10.0
15.0
30.0
50.0
60.0
65.0
70.0
85.0
90.0
95.0

Rotor 2 Exit

Diameter Span

(inches) (%)

18.74
19.14
19.54
20.84
22.73
23.73
24.25
24.78
26.42
26.98
27.55

38

7.8
12.0
253
446
54.9
60.2
65.6
B2.4
88.1
94.0

Stator 1 Inlet
Diameter Span

(inches) (%)

15.93
16.64
17.36
19.53
22.42
23.87
24.60
25.33
27.50
28.23
28.95

Stator 2 Inlet
Diameter Span

4.9

9.9
14.8
29.8
49 8
599
64.9
69.9
85.0
90.0
95.0

(inches) (%)

18.93
19.30
19.69
20.94
2275
23.72
24.22
24.72
26.29
26.82
27.36

38

78
11.9
25.3
44.8
55.1
60.5
65.9
82.7
88.4
94.2

Stator 1 Exit
Diameter Span

(inches) (%)

17.38
17.93
18.49
20.26
22.69
23.93
24.55
25.18
27.07
27.70
28.34

Stator 2 Exit
Diameter Span

4.3

89
13.6
28.1
48.2
584
63.6
68.8
84.4
89.6
94.8

(inches) (%)

19.18
19.49
19.82
20.91
22.58
23.49
23.97
24.46
26.00
26.53
27.07

32

6.8
10.6
23.2
422
52.8
58.2
639
81.7
87.8
93.9
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DATA TABLE COLUMN HEADINGS

% ROTOR 1
E SLEPSIY EPS2 Ve
F DEGREE DEGREE  FT/SEC
g LI e v,
g SLINCS INCM DEV

DEGREE DEGREE DEGREE

., Lo &

mﬁb ®ood 40

a1 §OV

STATOR 1
SL EFEY EPSLZ Ve
DEGREE DEGREE  FT/SEC
»
g € Yo
SLOINGS INCM oev
DEGAEE DEGREE  DEGRER
o
f ey ime By
NCORR  WCORR
INLET  INLET
APM LaM/mEC
N w /T,
; ? 57

V-2
FT/5EC

Va

TURN
OEGREE

Af

TO/TO
INLET

VM1
FT/SEC

vm?

AHOYM-1
pi'vm?

POIPO
INLET

e
FTREC
RHOVIG1
Pa¥ms

INLET

VM2
FT/SEC

Vime

RHOVM-2

Py¥me

EFF-AD
INLET
%

Mag

VN2
FT/SEC

RHOVM-2

ﬂlovml L]

EFF-AD
INLET

Vi1
FT/SEC

Ver

D-FAC

EFF-P
INLET

Ve
FT/REC

D-FAC

EFFP
INLET

%

ve-z
FT/SEC

v

OMEGA-B
TOTAL

[~]

WC1/AY
LBM/SEC
BQFT

T

T

ve-2
FT/BEC

Yoo

TOTAL

Qeosf,

81
CEGREE

LOSS-P
TOTAL

B9
DEGREE

82
DEGREE

22
DEGREE

-1

¥

REFFP
TOT

-1

EFF-AD
STAGE

Mot

TABLE Xill — IDENTIFICATION OF OVERALL PERFORMANCE AND BLADE-ELEMENT

-2 Ut U2
FT/SEC FT/SEC

My Yy Ug
NEFF-A B &2

TOT DEGREE  DEGREE
Mo 8 s

EFF-AD  EFF-P
AOTOR  ROTOR

L 3 *
n
O
M-2 POPO TOTG
INLET INLET
Mo Pe T
po TD

REFF-A REFFP REFF-A
TOT-INLET TOT-INLET TOTSTG

et N N o

M1
M',
Va1

FT/SEC

Vor

POPO
STAGE

P

)

REFF-P
TOT8TG

Mot

Ml vt
FT/SEC
M'B V’-,
a2 PONFO
FT/SEC INLET
Vot
PD
TOY
TO1
T‘J

4 X1ON3ddVY



6C1

ROTOR 2

SL EPSIM €Ps12 v vz M1 VM2 Ve va.2 B B2 M-t M2 U ue M Ml v vz
DEGREE DEGREE FT/SEC  FT/SEC  FT/SEC  FT/SEC  FT/SEC  FT/SEC  ODEGREE  DEGAEE FT/SEC  FT/SEC FT/SEC  FTISEC
»
512 813 v12 v'lﬂ vl"l'l! vmls vﬂ‘z vl‘la B’? ﬁ] M11 "‘3 U"z LI1J “.‘2 “'la vl‘! UI'Ill
S INGS INCM DEV TURN AHOVM-Y RHOVM-Z D-FAC  OMEGAB LOSSF PO XEFFP  %EFF-A B4 B2 Va1 Vo2 ORO
PEGREE DEGREE DEGREE  DEGREE TOTAL  TOTAL  POW ToT TOT DEGREE DEGREE FT/SEC  FTSEC  IMLET
. . . . i ,
luyy im1z 8s AB A¥miz Afma D & ooosfly Py Ty Nea [ B Yz Y12 P13
- ] Py Po
TOTO  POPO EFF-AD  EFFP WC1/A1 TOTO1 P21 EFF-AD  EFFe
INLET  INLET  INLET  INLET  LBM/SEC ROTOR  ROTOR
% % SOFT % %
T Pia Mg kM w8, Tz Fia Tediy My
T P b4y, Tiz Piz
STATOR 2
SL EFSIA EPSI-2 v v2 e vie2 w1 ve.2 B1 B2 "1 " PO/PO TOTO  POMO Tou
DEGREE DEGREE FT/SEC  FY/SEC  FY/SEC  FW/SEC  FT/SEC  FTMEC  DEGREE  DEGREE INLET INLET  STAGE  TO1
" s Vi Vig Yenta Yms Vo Vs 8, B Mie Mg P Ts P T
P, 1, Puz T,
sL INCS INCM DEV TURN AHOVM1  ANOVM? OFAC  OMEGAB LOSSP PO/ KEFF-A  XEFFP  %EFF-A  XEFFP
DEGREE DEGREE DEGREE  DEGREE YOTAL  TOTAL POV TOTINLET TOT-INLET TOTSTG  TOTSTG
*
in“ AN 615 ap ‘qlavmll Admis o & m Pis Mot ﬂp Totat np-n
20 LN
NCORRA WCORR TOMmo PO/PO EFF.AD EFFP TONTOY  PO2/POT EFF-AD
IMLET INLET  INLET  INLET  INLET  INLET STAGE
FAPM LEBM/SEC * % *
N w/B, Ts hal) N ™ Tig Pis st
v, by Te L Tz Pra

* SEE TABLE X)I
SUBSCRIPTS REFER TQ CALCULATION STATIONS



This appendix provides test overall performance and blade-clement data for uniform inlet

APPENDIX C

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA -

FOR UNIFORM INLET FLOW

flow with casing treatment and design stator settings. The data is presented for 70 percent,
85 percent, and 100 percent of design speed. An overall-performance and stall data summary
is given in Table XTIV, and the complete overall performance and blade-element data are given

in Tables XV, XVII, and XVIII. The column headings for Tables XV, XVI, and XVIII are

identified in Table XIII of Appendix B.

TABLE X1V — OVERALL-PERFORMANCE AND STALL DATA SUMMARY

PERFORMANCE
Reference Percent of
Table’ Design Speed
XV(a) 70
XV(b) 70
XV(c) 70
XV(d) 70
XVI(a) 85
XVI(b} 85
XVI(c) 85
XVI{d) 85
XVIKa) 100
XVI(b) 100
XVII(c) 100
XVII{d) 100
XVIIe) 100
XVH() 100

STALL POINT DATA

Notes:

(1) Refers to remaining Appendix C tables.

(2)

Percent of
Design Speed

70
85
100

Corrected
Flow?
{Ibm/sec)

1239
1190
109.7

98.7
154.1
152.7
1436
136.8
I84.1
1839
183.2
183.2
179.]
177.1

Corrected
Flow?
{Ibm /sec)

953
1345
1756

Corrected flow = W /B/6.

P, /P

WITH UNIFORM INLET FLOW

11770
1.315
1.326
1.339
1.350
1.504
1.508
1.540
1.549
1.695
1.685
1.673
1.771
1.777
1.776

P /P

16/ 0

1.735
2.255
2.935

87.03
8690
8641
77.28
8548
85.51
83.26
8095
83.19
8196
B2.63
86.28
86.28
82.29

PRECEDING PAGE BLANK NOT FILMEL)

1677

0
1.508
1.665
1.717
1.728
1.822
2.105
2.232
2.253
2266
2.550
2742
2.931
2931
2.947

Stall
Margin (%)

259
158
8.7

nadJG
(%)

73.24
34.23
81.44
75.46
70.64
84.72
83.22
80.76
70.87
7983
82.02
82.24
82.32
8098
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APPENDIX C

TABLE XV(a)

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA
{Uniform inlet Flow, 70 Percent Speed)

U.S. CUSTOMARY UNITS

ROTCH 1
RUNM NO 9, SPEED COGDE 70y POINT NO 1
sU EPsl-L EPSI-2 W¥-1 %2 ¥N=1 ¥N-2 V@-1 v8-Zz  B-1  8-2 M-l  M-2 w1 w2 M-l M= W=l yi-z
CEGkEc OEGREE FT/SEC FT/SEC F/SEC FT/SEC FT/SEC FT/SEC OEGREE DEGREE FT/SEC FT7S6C FT/SEC FT/SEC
1L 14,400 18.1024% 380.0 761.1 380.0 4b8.1 0.0 60Q.1 [1 9] 52.0 D.3443 D.4B00 430495 508.1 0Q.5260 0.42462 S580.0 &77.1
2 13.4690 15.%%82 388.1 7T30.2 388.k 468.3 0.0 S560.2 Q.0 50,1 0.3508 0.6507 473,13 532.7 0. 5548 0.4180 &12.1 Ga%.l
3 Eleld4yd 13,253 29%.4 704.2 395.4 4b6.8 D.0 527.2 0.0 B4 0.3580 0,.6281 507.0 5573 0.5B3L 0.%#1%9 &43.,0 &67.8
W 5,077 T.l62 4k0.8 642.5 410.8 455.9 ¢.0 452.8 QJ.0 4% .8 0.3730 0.5883 &03.8 431.1 Q.60629 0.4329 T30.2 48Y9.5
5 —Quhod D.60% 4&l6.8 "57.9 4l6.8 409,17 0.0 378.7 Qa0 42.7 0.3786 0.4902 T24.2 T29.4%4 G, 7589 0.4739 835%.0 539.3
6 —Zwl2l -2.090 &l&.5 £38.1 4Lt.5 403.8 0u0 352.7 0.0 1,2 0.3T83 D.4704 T82.2 T1B.6 C.804B 0.5149 BAb.2 586.8
7 -3.014 =3.304 4180 545.1 Alés0 %2922 0.0 33841 0.0 38.1 0.3778 0.4190 8109 803.2 C.8276 0.5571 9hlek 6340
B ~%e3bl -4 4TH  415.0 44,5 415.Q 433.2 0.0 333.0 0.0 373 D.3TE8 Q4782 839,12 227.8 Q.8503 0.579%% 936.% &5%.8
o —8.393 -T.949 A07.% S550.4 407.5 &38,.4 0.0 233.0 0.0 372 0.3698 0.58117 G24.9 901.5 G.9L1T3 0.6282 10l0.7 7T17.9
LU ~9.842 <9153 4034 95,3 &C3.% 4398 0.0 343.9 0.0 38.0 D.I84L O.4BT3  $53.4 2644 (.9393 0.6370 103502 129.6
Li=-11l.iT6~00.377 358.8 547.3 23498.8 %20.7 0.0 350.0 TG.d 3F.T DL361T Dealt4 481.3 950.7 €.9613 0.5383 L25%.7 733.3
5L INLCS INCR DEY YTURN PRHOYM-L AHCGVM-2 D-FAC CMEGA-8 LOSS-F POG2/ SEFF-P REFF-A B'=1 B*-2 v8'-1 ve'-2 FL/PC
UEGREE OEGREE DEGREE DEGREE TOTAL TOTAL ML Tor 10T DEGREE DEGREE FT/SEC FT/SEC INLET
L 2.47 T+.07 1l6.04 59.97 2T.41 30.61 0. 4249-0.0611 ~0.0132 1.40D7 103.12 -103.25% 48.85 =11.12 ~438.9 920 1.4007
2 Z.5% 6uBA 18429 8311 27.92  31.01 D.460Z-0.0403 —0.0093 1.3877 102.32 102.48 80.38 -3.35 -473.3  27.5 13877
3 2«17 4.08 19.22 4B.C% 28.3¢8 27,19 0:4822-0,0223 -0.0053 1.3T7T70 101.42 10l.%2 %l.78 3,68 -507.Q =30.1 1.3770
4 4.l0  7.57 lle6% 3426 29,34  36.86 O.5027 0.0238 0.003% 1.3511 97.94 97.89 595,40 21,32 -603o6 -178.3 1.3511
5 955 .23 10.29 19.5L 2%.1¢0 33.34 0.4939 0,0999 O0.0228 1.3030 89,03 82.6% 60.07 #0.56 -724.2 -350.8 1.3030
©  5.0h  8.32  9.20  15.44 29.68  32.99 O.4645 0.1029 0.0224 1.2957 87.68 B87.21 61.98 4f.5& -T82.2 ~425.9 L.2957
T 8.27 8237 T.13  LB.AL  29.65 35,28 0.4233 0.0628 0.0136 1.3063 92,031 S1.76 6285 ATrék =BL0.9 ~467.10 1 .3069
3 b9 Bedi bl 14.72 29.5% 35.67 0.4117 D.0629 0.0037 1.3008 91,76 9i.47 &3.71 48.95% ~839.5 =497.7 1.3098
g Tald Habl 5.54 13,85 249.13 36.06 G.5052 G.099% 0.0216 1.3207 8&.41 85.89 68.23 52,36 —-924.9 -588.5 L1.3207
b Ta39 .60 5,80 14,09 28,80  38.08 O.4140 0.1253 0.02T6 1.3274 83,13 02.48 87.07 92.86 ~953.4 —582.2 1,327+
il Ta35  8.70 8496 L2.SE 28.55 34,33 0.4261 0a1626 0.0065 143194 78,04 77.19 67.68 5690 ~S81.0 -600:6  L.3194
tas710 POSPOD  EFF=-AD  EFF=P WCL/ 41 TO2/T0: PU2/PC) EFF-A0 EFF-P
INLET  INLET  IWLET [KLET LAW/SEC ROTOR  RGTOR
x 1 SQFT x
l.CH36 1.3306 90,92 9l.25 Za«L% 10938 lea3308 90.92 91.25
STATOR 1
- RUN Nd 9, SPEEC CLDE 70, PGINT MO 1
5L EPSI=L EPSI-2 W=l ¥-2 W=l ¥N-2  ye-l  ve-2 - . - - * M
| DEOREE DEGREE FI/SEC FI/SEC F1/SEC FI/SEC FY/SEC FI/SEC okcnes oeenee - "2 TNeet Tatey e
- LY Thbal 54402 451.8 S64.3 5B7.4 3.3 50.2 Qa3 D,8849 J.45940 1.3%)13 Q
2 15,716 13.031 137.9 5564 51.7 556.% 550.3 7.4  4B.3 0.8 O.as8s g, ) lo3ds  iraess Lroals
: - . . 2 044873 L.das2 1.0958  1.34%2 1.095%
3 13.528 11.316 Tl3.9 25244  450.0 S52.3 519.3% Bak 6.7 : :
. : 0.9 0.4355 Q.4833  1.3488 1.0943  1.3588 L.
4 T.863 5.468 E3%.8 230.5 AT7.8 530.%5 449.1 0.9 43.2 0.l M 1. 0943
130, . . . -1 0.5808 Q.4645  1,3341 10917 i.334L  1.0817
5 14478 0.211 513,0 AB6.5 43,0 486.3 378.0 -15.0  41.3 1.8 0.50%2 : : 1
. _ - - - - O=425} i.29490 1.0887 l.2990 [.0887
8 =L.437 -2.636 2520 &TT.1 A28.5 476,71 352.8 ~18.7  39.7  -2.2 0.484% O
- - . . -2.2 0. 4187 1.2504 1.0879  1.2900 1.0879
T 2,605 -3,775 380.1 A86.9 447.5 4866 336.9 -17.6 7.0 -2.10 . :
- - - - - - 4928 0.42548 1.2957 laCB88 1.2957 1.0668
B -3.590 -4.719 539.6 49605 AS1.l 4962 331.3 -15.7 363 -1.8 0.4 . :
z - - - - - -4921 0,4342 1.3018 L. 0860 1l-30t6 L.088
¥ -0.333 -7.183  386.4 3G8.4 486.6 508.3 I35.2  -8.2  I6.4 0.9 0.4963 0.4433 1,302 1-0967 ?
10 ~7.239 -7.880 174.2 311.3 458.0 5i3 - 1.3098  L.0567
Ll -B.18b -B.5%6 S64s1 491, N +Z 3464 6,2 3.2 -0,7 0.5020 D.4483 13127 1.1025 1.3127 1.1025
. . 1.3 440.2 490.8 2352.8 =22.0 8.8  =2.6 04917 0.4257 1.298% 121068  1.296% L.1068"
5L INGS INCH DEY TURN  AHCYM=1 RHOVM~2 D=FA - -
DEGREE DEGREE DEGAEE DEGREE A Al Foar o ThaTe g EFE-R  MEFFea  MEFF-P
LoI2-30-0.20 12,86 4951 10.35 47,15 0.4127 0.1303 0.0267 0.9449 a1.88 e ela T
2 D332 0.2 1199 416 38,60 s8.85 003954 01108 0.0130 0.9720 93,38 93.42 $3.38  953.62
3 T4t I0:03 11.23 4%.83 .82 46.43 0.3719 0,0844 0.0las 0.9799 94.77 491 94,72 95.91
TINB e B3 ahfr 3es0 gesd 03520 0,034 000138 0.9804 93,71 43,92 93,71 93.93
6 -5.38 033 +oa3 Aol AL .58 0. - <0043 0.9974 8799 g8.01 87.5%  8s.01
- . . <87 30,69 0.329% 0.0396 0.0113 0.9940 B5.94 B, 42 85.9
T =780 -1.93  7.30 29,08 16,56  #0.58 03156 0.0581 O0.0169 0.9911 5 Bl
$08-26 -2.12 T.62  38.13 36,31  41.38 0,2981 0.0631 0,0128 0.9934 88:90 29.33 §0.35 o9
: - . . :
828 =136 9,62 3131 IN30 42.16 0.294D 0.0556 0.01T3 0.991s 82.91 3. 54 82.93  83.54
19 Z1-13 -0.88 1108 3T.30 37,29  42.38 G.3021 0.0883 0.0216 0.9892 78,98 19.72 78.95  79.12
: 0435 10,74  #1.41 35,68 40,23 0.3437 O.1117 0.0358 0.983¢C 12.21 13116 Te.zi t3.le
NCORR  WCORR TO/T0  PO/RO  EFF-AD -
INET INLET INCET  INLET  INLET Ter Toarrol  poisear STacE’
SEC I 3 T
TA88. 122,90 1.£936 1.3151 87,03 7.4 1.0938  0.98a3 07,03
132 AL \
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AOTOR 2

AUN MO 9, SPEED CGDE Td, PDINT NG 1
SL EPSI-L EPSI-2 V-1 =2 -1 VM=-2 Va-1 ve-2 -1 8-2 M=1 =2 =1 U2 M= LA | V=l vr-2
DEGREE DEGREE FT/SEC FT/SEC FI/SEC FT/SEC FT/SEC FUSSEC DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC
L b1a560 1l.126 6li.6 HES5.1 6l2.4 6&97.5 3.2 581.0 Qa3 3847 0.5386 0.7121 JR2.3 610.8 0.7412 0+0032 B*3.0 695.3
2 10,696 G.910 &10C.7 HE8.1 410.7 &B85.9 7.3 5o6h.l Q.7 39.3 0.5374 D.7653 598. 8 623,86 (.T482 0.5933 B50.2 6&88.5
3 9669 B.750 &L1.% 87446 6lls9 635.5 B.2 5643.3 0.8 38,3 0.5389 Q.7537 £15.4 636.8 0. 1594 0.5961 &62.3 69l.8
4 5,780 5,423 60les #lU.2 60L.6 681.9 0.8 %37.5 Jal 32.T 045300 0.4979 468, 5 679.2 C.7917 ©.£232 HYH.T 723.5
9 =U56% U.644% 534.9 887.T7 556.7 6Gté.s  -15.1  308.5 =16 26,7 D.48%% d.5902 T4l.l To0.6 GCuB2SL D. 6447 939.0 T51.3
0 ~3.456 —L.6B0 540.2 6&0b.4 %539.9 548.2 =18.7 259.3 -2.0 25.3 0.4742 D.51B6 TT8.1 T13.3  QuB4d9 0.60286 2.5 ThHl.5
T -4.453 =2,613 544.5 S84.0 944.2 534.1 -1T.8 236.0 ~1.9 2328 D.4704 0.4995 1%6.8 T790.1 0.8605 C.658% 979.5 769.4
B 5,229 =3.,490 949.9 58&6.4 949.7 54b.1 -15.6 213,% =l.6 21.3 0.4830 0.5025 815.8 BCT.4 G.B753 C.6%14 996.5 806.8
9 =7.723 ~6.5C5 357.2 &6172.7 f37.2 5T0.8 =8.1 199.5 -Q.8 1B.% O.,4B87T 0.5242 87247 860,08 0.,9122 C. 7525 1042.3 BT78.8
L0 -8.594 -T.894 f550.2 &07.7 5908.3 STT.2 .1 190.0 -0.7 18.2 0.4874 0.5192 891.9 879.2 0.9235 0.7680 1057.9 498.9
1L -9.234 -8,047 535.2 349.% 34,7 526,64 -22.3 157.1 Lak boeb 044053 04870 S5ll.2 857.8 0.9355 C.7726 1075.8 908.8
5L INCS 1HCH DEY TURN  RHGYM=1 RHOYM-2 D-FAC CMEGA-B LOS5-P PQ3/ XEFF-¢ SEFF~-A B'-1 Br-2 VB'-1  vE'-2 POSPO
UEGREE DEGREE DEGREE DEGREE TOQTAL TATAL fO1 Tor TaT OEGREE DEGREE FT/SEC FT/SEC INLET
L -6.417 =1.85 24.4¢ 35.23 90.08 40,08 0.324% Q.1459 040332 1.32315 A6.51 €5.58 43.31 4407 =579,1 -49,8 1.3019
2 -3.49 -1.44 18,76 3912 49.97 59.61 0.34862 0.1472 0.0243 1.3410 8644 B5.50 44.06 4594 -591.5 -59.5 1.8094
3 -5.54 =0.97 15.29 31.0% 50.08 60u1T Gu3479 Q41270 0.0301 1.3407 87.8% E1.34 44,81 ToTE =bD0%.6 ~93.6 L.B081
4 -3.15 1.0 F.96 Z28.48 #%.04 4leLs 0.3204 0.0519 00,0126 1.3149 94.04 53,07 48.00 19.53 -667.6 -241.7 1.71568
E Q.17 4.75 6.8% 18,53 4&5.17 54.99 0.2979 0.0557 0.0129 11,2451 91.18 90,95 53.64 2%.1L -756.2 -432.1 L.&154
) 1.53 Sa88 6.92 12,76 43.88 48.45 D.3067 0.1286 D.0276 L1.1800 Ta.%9 7A.10 59,60 43,03 —7%6.8 =SL4.0 1.5240
T 1.3% Saa7 be 78 10,259 44,38  4T.11 0.2951 Q1451 040299 1.0560 T2.32 71.69 54.26 46,01 ~8l4.4 ~554.1 L.4998
L] leis 4o 58 J.02 §S-15 A4 87 48,21 Q.2637 0.1119 0.0238 1L E500  TH.49 75.42% 56.53 47.34 -830.2 -593.8 1.4588
9 0. 82 3,53 161 2.95 45,34 50464 0.2264 0.0850 0.01% L.1526 79.50 79.21 57.46 44.70 ~8BB0.9 -b6l.k  L.5L0L
Lo Wa9l 3.09 3. 27 .16 45.24 5017 Q.2179 0.0852 00,0199 L.145L 76.30 77,93 54,11 49.94 -8%8.56 -589.1 1.5020
il 2463 4032 B.8% 9.83 43.09 43420 0.2183 0.1122 0.0268 1.L185 68.40 68,24 £0.14 54.5L —933.%5 -T40.8 L4476
1asto PO/PC EFF=AD EFF=P NC1/AL TD2/T0L PQ2/POL EFF=AD CFF-P
INLET THLET INLET INLET LBM/SEC ROTOR RDTOR
5 % SOFT 4 T
lalT0l  J.6142 B&.LT £7.05 23%.23 1200859 1.2275 86.12 Bb.4B
STATOR 2
RUN WU 9, SPEED CLODE TOy PDINT KO 1L
SL EPSI-4 EPS[-2 v-1 V-2 A LES) Y2 Vi~ ve-2 B-1 g-2 M-l M-2 PC /PG 0/70 PO/PO G2/
UEGREE DEGREE FT/SEC FT/SEC FI/SEC FT/SEC FY/SEC FT/SEC DEGREE DEGREE INLET TRLET STAGE ToL
1 B.80T 1.047 928.3 81l4.C Te4.0 6Ll3.3 555.2 =32.5 7.0 =243 0.8043 G.6949 1.5020 1.2070 lalli%  1.0992
2 8,023 l.366 919.1 833.6 729.3 B3l.86 539.2 -57.2 ar.? -3.9 0.7952 0.7132 1.3333 1.2075% 1.1358 1.l012
3 T.lbo 1.4T3 9046 823.0 125.46 850.5 S540.2 -65.5 36.9 ~4.4 G.TB25 9.1321 1.56¢8 l.2058 l.1621 l.iQL3
4 S.0Bb 1.388 238.5 E0%5.T 715.8 Bod.d 426.T -~93.9 1.5 =82 Q. 7247 G 7497 1.612% 11902 l.2041 1. 0897
5 2.692 G.643 Tiéul €CE.C 648.0 BU2.4 309.6 =95.0 25.5 =6.7 0.6181 0.7014 1.5651 il.1687 L.2026 1.0733
& 1,080 0.080 839,2 T47.2 584.0 743.5 25%.9 -50.5 240 =3.9 0.5482 0.6474 1.5007 l.1583 1.1642 l.0b6k%
T -0.003 ~0,266 &15.3 713.2 547.7 Thl.3 227.2 ~52.8 2248 =4,2 0.5277 0,417C 14656 1.1536 1a131T  1.0615
3 -1.06L =0.562 6E7.1 €95.7 578,68 492.T 2l4.l -b4.b 20.3 “53 0,3303 C0.6024 l.4450 LalaT? 1.1134 1.0550
9 -3.638 -1.053 é43.3 Ti4.& 613.6 T13.9 200.4% =304 8.1 =2.4% 0.5544 0.06181 le4817 le 1541 1.1160 1.0%23
10 =4 44t -1a251 &45.7 ThleC &lbe6 T10.T 19l.6 -19.1 17.2 =123 0.553& O.6136 la4543 1. 1585 l.1085 1.0505
11 -5+%45 =1.270 59%.6 &28.7 574,2 628,39 1%.3 -l8.4 15.5 -1.7 0.5083 0.5341 le3702 1.1588 1.0870 L.0488
sL INCS INCH DEY TURN RHOVM-]1 RHCVM-2 O-FAC LCMEGA-B LOSS-P PO27 XEFF-4 LEFF-P JEFF-A AEFF-F
DEGREE UEGREE DEGREE DEGREE TOTAL TOTAL 1 TOT-INLET TOT-INLET  TOT-5TG T0T-5T6
L -lladd =%.88 9.43 39.29 &2.48 oh.%b Cu2067 C0.4T0T 0C.10Te 0Q.834 59,51 £l.72 30.84 31.83
Z =9.7¢ -T.88 T.32 dl.bt £2.08 63,38 0.2487 0.4%13 0.1013 0.848¢ 62.50 64,70 38.51 37.60
3 ~9.78 -T.28 Behd 4127 62.46 65.51 0.2232 0.401l6 0.0939 D.2&44 66.48 6849 h3.22 44237
@ -14.07 =1C.20 %009 37,72 63.12 68.32 O.1418 00,2920 0.0721 0.9115 The91 T8.38 6080  61.78
5 -19.17 =13.86 3.35 32.2% S7.1%  54.98 D.0586 0.1988 0.05286 0.9924 80.91 82.05 73.%8 T4.23
6 =20.43 —1lh.b4 835 27.83 50.92 60.39-0.000L% 0.1547 0.0427 0.96%97 17.47 Te8.638 68.T9 69.41
T -2Llu58 ~15.39 5.83 36489 49,28  57,52-0.0210 0.1373 0,038+ 0.9763 T5.14 The i 58.42 59.10
8 ~23.78 -17.597 4.19 25,59 50.40 56.14-0.0007 0.1887 0Q.0534 0.9473 15.70 Tha91 Se.62 7.2
g =25.74 -19.01 T.73 20.%3 32,87 57.52-0.0026 0.1496 0.0497 0.9681 14,33 T5.64 4l. 86 blakl
10 -27.lb ~20.31 9.24 10.81 32,70 58,87=0,0039 0.1743 (Q.03l6 0.9478 Tl.24 T2.67 58.T2 59,26
11 -30.28 =23.18 10.23 1716 48.38 49,35 0.0316 G.3305 0.,0986 0,9471 35.33 6l.06 34.01 Fe.40
NCORR WCORR TO/TQ FO/PG EFF=-AD EFF-P Taz/101 Po2sPal EFF-AD
INLET INRLET INLEY INLET  INLET INLET - STAGE
APM  LBM/SEC L3 1 z
TebB. 123.90 1.1701 1.5083 73.24 TeuT2 1.0699 D944 57,08
oRIGIEY qpaurTd 133
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APPENDIX C

TABLE XV(b}

{(Uniform Inlet Flow, 70 Percent Speed)

U. S CUSTOMARY UNITS

ROTOR 1
sL EPSI=1 EPSI=2  v-1l -2
DEGREE DEGREE FT/SEC FT/SEC F
1 lbdh4d LB.NX6 362.9 131.2
2 L3.77% 15.574 370.5 Tida1
3 11.382 13.2%c 3711.6 €01.3
4 S5.249 Tai8] 392.4 E28.C
5 -0.32%9 0.773 398.3 %48.1
b =2+20k -1.848 398.4 53l.0
T 34342 ~3.056 357.5 440.¢0
8 ~4.T31 —4.256 396.7 S44.4
9 ~B.924 =T7.890 380.9 44,9
L0-10.282 ~9.137 385.0 %94.%
Ji-llok4T~10,386 3JH0.8 S42.2
SL ENCS INCH OEY TURN
UEGREE UEGREE DEGREE DEGREE
L 3.83 .44 17.16 el.02
2 3.91 8.21 16.59  SA.ie
3 4al2 B.22 116 ALY
4 5.38 8,84 12,79 3a.4l
5 6aTl  9.39 1l.20 15,79
b Tal2 .41 477 19.99
T T.3% S.44  1.53  la.c8
8 Te55  §.51 4.1 LY. 78
9 B.2& G865 4.05 14443
LU BehD  TFo89  B.4T  Lé.41
L 8.32  S.47  9.94 12.57
10470
INLEY
1.G5d8
STATOR 1
SL EPSI=-1 EPSI-2 w-3 ¥=2
QEGREE DEGREE FT/SEC FT/SEC
L 184097 4,792 T40.8 222.9
2 154687 12.941 714.8 517.6%
3 13.483 11.232 490.3 f514.1
v 12922 6.459 £37.3 4%6.2
5 1702 0,617 S81.8 459.5
6 =l.0%1 -LaBB3 S44.T 45%.1
T -2.147 -2,889 9540 460.4
4 =3,095 ~3.769 397.9 477.1
¥ =5.928 -6.328 M61.2 461.5
10 -6.923 -7.210 5&9.6 483,17
L ~8.013 ~8.150 558.2 462.0
SL INCS  [NCM DEV TURN
OEGREE UEGREE DEGREE DEGREE
1l =081 1,30 12.19 tl.82
2 -0.82 1.8 12.7¢ Al.AS
3 -1.2% 1.5 12.71 LEPR T
4 —Zele  l.50  H.TA 45,34
5 <~2.23 2.82 5.7 A5 M
& =3.93 L.68 b.94 43.%1
T -5.87 0.00 T.%4 40.748
8 ~b6.30 -U.lé  T.74 39,99
2 =4.50 2.38 10,25 4032
Lo -3.59 346 12.10 41.02
11 -2413 3.02 1L.30 45,52
NCQRR WCORR 10770
INLET  INLET [INLET
RPM L BM/SEC
T4l 119.00 1.5%44

134

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

RUN NO 9, SPEED CODE 70, PEIKT AQ 2
yH-1 V-2 vE-L Ve-2 B-1  B-2  M-1  M-2 w1 u-2 Mi-] Mo
1/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE FT/SEC FT/SEC
382.9 43B.% 0.0 592.7 0.0  53.5 0.328% 0.8572 435.8  509.1 C.5160 0.397
370,5 438,3 0,0 586.5 0.0 51.7 0.3354 0.6301 #74.2  533.8 0.5449 0.3902
3778 43B.4  Du0 52248 Q40 49.9 0.3420 0.6054  508.6  558.4 D.5134 C.3503
352,46 431.5 0.0 #53.% 0.0  46.4 0.3558 0.5%26 A04.0  $32.3 0.6537 O.4124
398,3 390,080  D.D 3860 Q.0 44,7 0.3513 O.4814  729.6 73C.8 C.71508 O.456T
398.4 3925 0.0 35747 0.0  42.% 0.3613 0.4654  183.T  78C.l  0.7974 0.5053
35749 Aldad 0.0 347.2 0.0  40.0 0.350% O0.A741  B1Z.4  BOA.T 0.8205 0.5404
356.7 4217 0.0 344.3 Q.0  39.2 0.3598 0.4772  G4l.1  829.3 G.8434 0.5633
300.9  AL2.1 0.0 359.0 0.0  4l.0 03525 0.4783  §26.7  9C3.2 Ca9110 0.5949
3€5.0 410.2 0.0 373.1 0.0 #2.2 D.3489 0.4820 955.2 927.% G.9333 0.5997
3160.6 386.3 0.0 380.4 Q.0 44,5 0.3448 0.46986  963.7 §52.5 0.9556 0.557%
RHOVM-1 AHOVM—Z D-FAC CWEGA-B LOSS—P PG/ XEFF-P TEFF-A 8%-1 B'2 ya'-l ver-2

ToTAL TOTAL  POL  TOF  TOT  DEGAEE DEGREE FT/SEC FT/SEC
26,31 34.73 GoAb46-0.0691 —0.0550 1.3975 103,44 103,43 50,22 ~10.40 ~A39.0  E3.4
26.80 35.08 (W 4990-0,0454 ~0,011é 1,3879 102+77 L0753 51,73 ~3.00 -4T4.2  23.1
27423 35.39 0.5154-0,03062 =0.0086 1.3779 102.27 102.4) %3.12  4.63 -508,0 -35.6
28.19  35.40 0.5270 0.0046 0-0001 1.3591 99,56 99.57 56,88 22.47 -6C4.8 -178.8
25,58 32423 0u514L. 000814 0.0182 1.3199 9LeAd $1.18 6M.22 4l%1 ~725.5 —F4éa8
28456 32460 0.47T38 0.0724 0.0158 13140 9Llod8 91.17 63.07 &7.12 ~783.7 ~422.4
28,53 34,58 (4821 00476 0.0104 L3274 94423 94003 €3.92 47.8% —B12.4 -457.5
20,06 3%,24 04317 040502 040109 1.3334 93,76 $3.54¢ 64.77 49.01 -Bél.l -485.40
27.97  3e.24 0.4468 0.1221 0.0267 1.34D7 84.3% 63.92 67.27 52.8% =926.1 ~544.3
27,72 33.95 Q4601 0.1537 0.0331 143473 M0.86 60,06 68,08 53.47 - 955.2 =554.8
2Teb4 3181 DuATTL 0,1940 0.0401 1.3289 7578 74.1% 68.86 55.88 ~983.7 =572.0
PO/PC EFF-AD EFF-P WCLSAL T02/T03 PG2/PO1  EFF-AD EFF=P
INLET  INLET [NLET LBR/SEC ROTER  ROTOR
I % SQFT 1 H
La3449 91,33 91.68 21.03 1.0988  1.344% 91,35 91,48
RUN MO 9, SPEED CODE 70, POINT ND 2
W=l V-2 v@=l  va-2 Bl 8-2 M-l me? FOIPO 10/70 PO#PO
F1/3EC FY/SEC FT/SEC FI/SEC DEGREE DEGREE INLET INLEY STAGE
460.5 522.5 980.2  -la3  S5)1.T  -0.1 Q.860% Q.4%560  1.3508 1.09¢%  L.3%04
460.2 S1T.7 546.9 14,0  30.0 1.5 0.4360 0.4522  1.3568 1.0956  1.3508
455.8  Si4.3  B14.9  20.9  #8.3 2.3 0.6130 C.4496  1.3507 1.40937 1.3507
4505 496.2 44%.8 %43 44,9 =0.% 0.5633 0.4332  1.3347 1.0920  1.3387
408.9 #5901 38543 =19.6  #3.3 -Z.% 0.4935 0.4004 1.31G7 1.09a5  1.3107
410.6 454, T 35840 -19.2  4l.l  -2.% 0,479 0.3966  1.30e5 1.0896  1.3065
431,01 46B.2 348.0 -15.1 38,9  ~1.8 0.4B64 0.408%  1.3148 1.0898 [PETe
428.0 476.9 345.6 <-l4.0 I8e3  ~1.7 0.4895 0.4160 1.3207 1,0918 L.3207
429.6 48149 38Kl ~LaT  40.1  =0.2 0.4897 Q4119 1.3287 1.1040  1.3257
A24.1  AB3LT 375,7 2.8 Al.d 0.3 0.4957 Q.4LB1  1.3273 L1111 1.3213
405,46 4617 383,64 =-lés2 43.5 ~-2.0 0.4841 0.3978 1.3137 1.1163 FRETET:
AHQVM=L RHOVA-2 O-FAC CREGA-B LOSS-P  pO2/ REFF-4 SEFF-P AEFE-
TOTAL TOTAL PO TOT=-INLET TOT-INLET TOT-57TG
36,40 4444 0.4881 0.1312 0,0268 0.9667 92.61 92.95% 92.47
36,70 44,17 024270 0.1110 0.0236 0.973% 94.13 94,34 94,13
36.98 43.99 0.4060 0,086% 00,0192 0.9805 F5.84 95. 95 95, g4
3683 42,42 0,392 0.0T48 0.0182 0.3855 94450 94,69 94.50
33,80 39,00 0.3772 0.0440 0.0120 0.9933 88,85 89.24 28.85
33.92 38,59 D.3833 0.0548 0.0157 0,9920 08,69 85,61 28,69
35,78 39,79 0.3463 0.0854 0.0191 0.9902 90,563 $0. 96 90463
3639 40,32 0.3388 0.0633 0.0188 0.9504 90,21 90,54 90.21
35,47 40.61 0.3640 0.0712 0.0222 0.9092 e0.75 81,47 80.73
35.21  40.59 0.3500 0,0963 Q.0305 0.9851 75.92 76,85 75.93
33,18 38,43 0.4038 0.1272 Q.0807 0.9812 69.73 70,84 69.73
PO/PD  EFF=AD EFF-P T027701  PO2/POL  EFF-AT
INLET LNLET INLET STAGE
1 3 5
1.3263 96,90 @7.30 1.0968  0.9882 #6.4¢

vi-1 vi-2
FT/SEC FT/5EC
STGal  Aj0.e4
4dL.8 43B.9
632.% &39.9
720.9 467.1
821.7T S520.4
BI9.i S5T0.6
904.46 &17.3
F2Fe9 6427
1005.0 6B2.7
1029.9 690.0¢
1054.8 &%0.3

PO/ PG
INLET
1.3975
1.387%9
143779
1.3591
L3199
l.3160
L3274
123334
L.3%02
143473
L3389

T2/

TaL
L0349
1.0954
146937
L.0%24
1.0905
1,089%
1.0898
L.0918
1.1040
l.l111
Lalleld

YEFF-P
TQT-571G
92.95
Féa 34
95.98
F4. 60
89.24
89.07
90.96
90.56
Bla&?
T6.85
T0. 84



ROTOR 2

NQ 2
-t

0. 5633
0.5479
C.5414
0,.%5627
5657
0.57L2
0.55L8
Da5213
CabbéC
C. 4775
0+6545

v§*-2

-0.9
-20.1
-59.0

~225.4
-3948.1
k042
—&9T.1
=530.2
=585.2
—-&0%. 7
—63%.9

rG/PO

STAGE
13040
1e3152
13364
1.3188
l.2615
1.2245
1,213
1.2055
1.2420
1.2109
1.1981

JEFF-A
T0T=-57G
Tl.81
Te. 87
41.73
en. T8
H5+40
18.94
17.40
Te.T0
B0.50
B81.52
149.58

RUN NO 9, SPEED CODE Y0« POINT
SL EPSE-L EPSI-2 - =2 ¥M1 ¥A-Z ve-L va-2 =1 B2 -1 M-2 v-1 2 Ne-L
UEGREE DEGREE FT/SEC FY/SEC FT/SEC FT/SEC FI/SEC FY/SEC CEGREE DEGREE FT/SEC FT/SEC
i ll.53 11.033 S66.2 0898.4 966.2 £655.9  -l.3 61140 =D.k 42,8 0.4959 0.7499  483.4  4L11.9 (.7129
2 10,437 9.724% %€6.5 879.1 986.3 638.1 13,7 604.5 Lok 43,3 0,.4966 0.T544  999.9  &624.7 0.7145
3 9.594 B.486 56749 B%4.5 S567.1 628.6 20.4 379.1 2.1 42.6 044979 047330  £16.9  63B.1 0.7222
4 5aTid #.583 93743 6747 55T.) 618.2 =43 A55.1  -D.é  36.3 0.4889 0.4565 489,71 080.5 (L7873
5 -U.l¥3 0.349 S517.7 #37.3 SiTee 535.3  =19.5  345.9 2.2 32.9 0453} 0.5414 142.4 2.0 Q.8C6l
6 =24593 =1 4679 907.8 579.2 SC7.4 4BB.9 <-19.0 310.6 =2.1 32.4 Q.4442 0,4908 779.& TT4.8 C.8277
T =3akdl 2,517 S1Ted SThet 21742 #89.9 =-15.1 294.5  -1.7  31.0 0.4529 0.4847 798.3 V9l.& C.8418
8 -4.206 -3.326 926.6 976.8 5Z4.a 505.0 ~l4.0 278.7 ~1.5 8.8 0.4590 0.4893  el7.1  BC8.9 0.85%9
% =5.74l 6075 531.9 993.3 %531.9 5245  -1.8 277.3 -0.2 27.7 Q.4630 90,5013 414.4  042.% 00,8922
10 -7e04b =T4170 534.3 596.C $34.3 528.7 1.0 27%.1 0.3 27.4 0.4837 0.5022 89).6 8840.8 0.9013
Il -5.%28 —8.396 514.3 562,88 5lacl 50646 =1643 244.7 ~loB  25.7 0.4445 024719 912.9  899.5 0.9178
5L LNCS  InCM VEV TURN RHOVM=1 RHOWM-2 O-FAC CHEGA-B LOSS-P P02/ XEFF-P XEFF-A B'-1 8'-2 v8'-)
DEGREE UEGREE DEGREE DEGREE TOTAL TOTAL M1 0T T0T  DEGREE DEGREE FT/SEC FT/SEC
1 —3.6% Cub8 20.48 40,76 47.29  SB.8& D.3696 0.0994 0.0227 1.3988 92.17 Sl.61 495.84 Q.08 -584,7
Z -3.9% Odbd 19.82 28,06 4T.35  57.54 (3893 0.0948 D,0221 1.3943 92.41 92.06 45.96 1.80 -588.2
3 —3.90 0.68 12.88  4L.11 AT.46  ST.53 0.3969 0.0871 0.0208 1.3822 92.466 92,33 46.45 5.35 -59&.5
5 =0.3l .48 M0ukh  30a42 6.4 57.73 D.3835 0.0%L3 D.012%  L.3385  54.85 94.45 S5C.4k  20.02 ~6T4.0
S 2436 6.93  B.280  19.33 43,00 50,08 Q.3885 0.0874 0.0200 1.2686 B8.26 67.90 S59.62 34,50 -Te2.L
b 3al9 753 Te29  LA4.C7 42,25 45.61 0.3918 0.1268 0,0273 1.2292 01.30 BO.78 37.57 43.50 -198.6
T 2,66  heT4  Bal2  12.146 43.18  45.80 0.3743 0.1219 0.0261 1.2183 80.89 80,38 57.54 45,38 -813.s
B 2e3% 4,15 401 11.39 43,78 47,31 0,3480 0.0988 0.02i3 1.2179 83.5% §3.19 57.72 44.33 -831.2
§  1aB5  4.%3  0.90 10.58 43.97 48,82 0.3272 0.0822 00,0192 1,22%6 A5.68 £3.3C %8.68 48,00 -876.2
W0 la7e¢  3.92 2.06  LC.20 43.94  &8.98 0.3189 0.07I8 0.0177 1.2245 86,74 B86.39 58.94 4E.74 -890.&
L 3.43 313 Su49 B.80 41.99 4&6.53 0.3118 0.0800 D.0185 1.2141 B4,91 £4.92 $C.95 52,15 -929.2
0210 POJPC EFF-AD EFF-F WC1/41 Toz/TOL PO2/POL EFF~AD EFf=-p
ENLET  IMLET  INLET IKLET LOWSEC ROTOR  ROTOR
] X S4QFT 1
Lo1860 1.59%1 A7.44 B8.32 33.80 L.0814 1.2780 89.07 B8%.42
STATOR 2
RUN WO 49, SPEED CDDE T4, PDINT KD 2
SL EPSl-1 &P 51-2 v-1 V=2 VM-l vM=2  Yé=1  ve-2 Bl e-2 N-1 M-2 PO /PO TO0470
DEGREE DEGREE FT/SEC FT/SEC FT/SEC FI/SEC FY/SEC FI/SEL DEGREE DEGREE INLET INLET
1 Heb86 G-B52 92%.5 13M.0 700.5 T37.4 60,9 0.1 4l.l 2.3 DT80 0.6220  h.7414 1.2171
2 T.652 0.167 908.0 145.1 680.4 745.1 599.3 3.9  4la.6 0.3 0.7810 0.8292 17785 1.2144
3 5.592 Q.566 B81.4 781.1 687.8 7AL.3 S575.3 8.6 40,9 0.7 0.T586 0,4455 1.8092 1.2092
% 3.533 ~0.310 T92.8 7208.1 850,01 T20.3 493.7 9.7 35,0 =0.8 0.6798 0.6126 le7681 1.1931
5 lel59 -0.976 #61.5 6lé.4 263.9 413.9 3aS.8 =22.T7 313 -2.2 0.5632 0.5207 1.4532 1.1779
b ~0.526 =1.230 #03.2 558.% 517.0 558,06 310.8 -k4.9 31.0 -1.5 0.5122 0.41271  1.60(% 1.111e
7 cloddl ~1.310 593.5 $49.0 17,4 S4B.s 2.8 39T 29.6  -Z.1 0.5039 Q.5646 1.591% L.1687
B -2.256 —1.331 &00.4 551.2 $31.5 569.6 279.3 «42.0  27.T7  ~4.4 05105 0,4688 1.592¢ 1.1677
9 —%e321 —1.329 620,71 578.3 S%4u6 578,3 2706 =2.9 26.7 -0.3 0.325% C.4800 1,604 1.1807
10 -8.024 =1.338 626.6 43,0 B&Z.2 S8e 9 2T6.7 9.6 262 0.9 05294 0.4%25  L.ed3l 1.1872
11 =5.830 -1.282 595.9 381.3 9546.9 B51.4  24b.4 2.3 24.3 0.2 05047 Q,4622 1.5742 L.1915
INCM DEV TURN RHOVM-L RHOYM=2 D-FAL CMEGA-B LOSS-P P02/ LEFF~4 AEFF-P
st ngzii DEGREE DEGREE UOEGREE TOTAL TOTAL = PO) TOT-IMLET TOT-INLET
1 =737 -S5.81 k4s15 24,15 &l.44  6T.T3 0.3431 01979 D.0447 0,.92320 80480 82.24
2 -5.B1 =23.79 11.5%% 41,31 60.%% 68.08 0.3317 0.1732 0.0399 0D.9421 83,09 4. 38
3 =5,73 -3.22 10419 45251 60LLC  TL.lé 0.2976 O.llle  0,0262 09442 e1.19 BH. T4
b -10.53 —-6-70  9.55 35,15 99.86¢  6B.03 02417 0.0608 0.0151 0.9837 S1.36G 91.9%
s -13.2L -7.90 8.09 33.71 82.18  S7.73 0.2271 0.0403 0.0108 0.9920 86.18 £7.66
6 =13.42 ~-Te63 8.489 32.51 47.7% 52,31 0,2254 0.0203 0,008+ 0.9950 83,76 84,78
7 —18.58 —B-89  8.11 31.70 47.88 5L.4D 0.2268 0,0413 0.011% 0.9934 84,15 85.13
8 -Ll6.34 1014  8.74  32.07 49.30 51.30 02342 Q.0823 0.0176 0.9099 a4.71 89,44
9 =1T«10 ~10.41 5,88  26.90 51.00 53,56 0.2020 G.0645 00169 0.9089 80.21 Blaké
10 <1821 -18.33 1,71 29.31 51,39 53.42 0.192% 0.0631 0.0167 0.9891 17.61 79.03
11 ~Zho4l 14231 12417  24.09 4%.47  30.18 0.2023 0.0832 0.024¢ 0,986% 12.25 13.94
NCORR  WCORR 10770 PO/PQ  EFF-AD EFF-P ™2/T0L  POI/POL EFF=-AD
INLET  INLET  INLET  IRLET  IMLEY l:LET ST:GE
APM  LBM/SEC 4
7482, 119.00 1.1840 1.06048 64,23 83,30 1.08)4& 0.9821 A2.33

ORIGINAL PAGE IS
OF POOR QUALITY

vi-l
FT/SEC F
H13.9
815.1
823.1
8T4.6
32k.1
GhG.2
963.9
982.8
1L025.0
LCAB.&
1061.9

PO/ PO

ENLET
1.8854
1.8834
L.8870
17912
lasslYe
1.60%5
1.6024
k.08
Ee.6243
1.6266
L5955

Te2/

101
1.1095
1.1084
1.1055
1.0925
£.080L
1.0753
1.4a723
1.0696
1.0700
1.0688
1.0673

IEFF-#
TOT-ST6
72.83
15.80
B2 ki
89.18
85.89
79.51
77.97
79422
B0.99
Bl.98
7%.09

1

vi-2
TFS5EC
45549
b3B.4
LEIRY
05840
685.5%
Taal
698.0
T3z2.2
185.9
Bd4.0
B2B.G

35



APFENDIX C

TABLE XV{c)

{(Uniform Inlet Flow, 70 Percent Speed)

U. 5. CUSTOMARY UNITS

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

ROTOR 1
RUN NO 9, SPEED COUE 70, POIKT NO 3
5L ERPSL-1 EPSI-2 V-1 ¥=2 W1 yM=2 ve-1l veé=-2 Bl 8-2 -1 -2 =1 U2 M- Lt |
DEGREE UEGREE FT/SEC FT/SEC F1/5EC FT/SEC FY/SEC FT/SEC UEGREE DEGREE FTY/SEC ¥¢T/5EC
1 18577 18.0¢3 330a1 T11.5 330.1L 392.4 0.0 593.8 0.0 56.53 04,2982 046326 440.8 S80.3 0.4975 0,23567
2 14.007 L5.491 337,7 ¢83.5% 337,717 398.1 0.0 555.7 0.0 54.3 04.3052 D.6060 475.3 535:0 Q45269 0.3534
3 1l.503 13,162 343,0 37.5 3a5.0 ade.d 0.0 517.k 0.0 31.8 0.3k19 0.5820 $09.1 559.7 0.3561 0.3614
4 5.123 T.238 35%.T 6C%.7 35%.T 38B.5 0.0 &&3.4 0.0 50.0 043255 0.5323 806.2 633.8 0.6379 0.3734
5 -0.307 Q.942 3Jhd.b S537.9 Jdé.s 3S50.6 Q.0 407.9 Q.0 49.3 0.3300 D.ATC2 121.3 T32+5 047364 0.4177
b =2.202 ~1.0637 364,35 Sl19.8 264,35 359.2 0.0 315.7 0,90 4643 0.329% 0.454) T85.¢ 781.9 O. 7838 0.4738
T 3494 ~2.852 64.0 229.8 3£4.0 387.3 0.0 36l 0.0 4340 043295 0.4634 814.3 806.& Q.8073 Q.5160
4 =~5.173 ~4,108 342.7 S3f.4 242.T7 402.9 0.0 357.1 0.0 41.6 0.3203 (.4708 f43.0 831.3 Q.8306 05442
910,115 ~8.01T 333.4 Sa0.1 353.4 23152 0.0 388.6 0.0 4640 0.3196 O.408% 928.9 905.4 0Q.8%89 0,%5539
W-11.380G -9.300 245.1 531.31 349.1 350.9 0.0 399.3 0.0 4846 G.3L57 G.as92 9sl.8 930.1 0Q.%216 0.5302
Li-12.10310.511 34%.0 Slé.C 345.0 322.2 0.0 #03.1 0.0 5143 03120 Qa%ddt 9868.0 954.7 0.9445 0.5504
St INCS INCH DEV TURN RHOYM—1 RHOYM~=2 O~FAC CHMEGA-8 LOSS=P P02/ SXEFF-P XEFF-A B*] g2 yat-1  wvpi-2
DEGREE UEGREE OEGREE OQEGREE ToraL TOTAL PO TaT 107 OEGREE DEGREE FT/SEC FT/SEL
1 6.55 Ll.l6 19.95 44.94 24.18 31.5% 0.52T4=0.0746 =0.0161 143995 103.%8 103.66 32.96 -12.00 ~440.8 83.5
2 6.5% 10.85 1la.d4 57.33 24,68 32439 0.5510-0.069% ~0.0160 1.3920 103.68 10360 24,37 21,96 -475,3 20.17
3 G,65 10,15 17.50 49.08 25,14 33,34 0.5503-0.0764 D077  L.2637 104.47 10471 33.65 597 -509,2 =42.46
4 Teo7 1l.14 13.96 35.93 2é&.10 32239 0-5807 Q40031 0.0007 1.3693 99.8% 99.71 59.17 23.464 -608.2 ~17D#
5 B.45 11.53 12,532 20,50 26.42 29.50 0.5660 0.081% Q.0180 1,3437 92,17 91.66 £3.31 42,75 -127.3 ~324.6
L) Faly 1l.47 1la12 16,80 26.41 30:45 5115 00624 G.0K30 La3420 93.30 91.0% 6%.12 46,52 =785,5 -~e06.2
T F+35 1148 .86 lé.5¢ 26238 33,02 0.4701 0.02T4 0.0038 L3546 96.92 96,81 &5.93 48,97 «8l4.3 —445.0
] Fo54 11.49 & 80 17.40 2430 3444 Do 4518 0.0200 0.0043 F,3445 97,446 G7.50 b6 Té 49,66 —843.0 —4T4.2
9 l0aZ2 Ll.&5 Tall 15.27 25.69  31.7L G.4S7D 0.1367 0.0265 1.3497 04.08 €3.3% 49,27 94,00 -926.8 -%16.8
v lus3e 1l.e? 9.5k 131.5% 23,41 29:50 0.5171 0.181% 0.0362 1.3443 T8.90 77.9% VG.06 56.51 -957.5 ~531.1
Il 10.43 11.%8 13,30 .12 25414 20487 0.5299 0.2178 0.06D6  1.3547 T4.4T 73,39 70.76 59.84 —986.0 ~351.,7
10/10 PO/PC EFF=AD EFF-F WC1/ 4L TO2/7T91 POsE G EFF-AD EFF-P
IMLET INLET INLET IMLET LBM/SEC ROTOR ROTOR
X % SQFT k] 3
1a1C0C8 123843 92,11 92.42 2%.92 1.1008 1a3G43 V2.l 92.42
STATOR 1
AUN NG 9, SPEED CODE 70, POINT NO 3
SL EPSj-L EPSI=2 V-1 V-2 Y=L VA2 Vé-L Va2 =1 -2 M-1 -2 PO APO ra/sT0 POSPD
PEGREE UEGREE FT/SEC FV/SEC F1/SEC FY/SEC FT/SEC FY/SEC DEGREE DEGAEE IMLET INLET STAGE
L 184029 14.809 Tid.e 444,38 411.9 464.T 98l.2 5.8 4.8 Qu7 0.8331 0.4038 1.3523 1.Q0973 1.3523
2 15.600 13,027 8881 469,33 416.8 %64.5 545.7 20.%9 52.7 2.6 D.6090 0.4047 1.3555 1.0%54 L.1555
A 13,481 11384 £62.5 4E4.C 423.B 4H3.L  509,3 9.5 5043 3.6 D.58569 0.4040 l.35¢8 1.0929 l.3548
4 H.231 64826 51341 442.1 AQ5.T 442.%  ASY.T 15.6 48.6 240 D.5401 0.384¢8 1.3449 L0943 le 3549
3 LS8BT 0,577 S5Ad.4  41%.4 36T.3 415.3 407.2 -8.8 4T.9 =1.2 0.4798 0.3599 12275 1.0959 1.3275
6 —0.887 =1.%83 %31.C 414,48 175.0 A4 6 374.0 ~1l.3 45.1 ~l.6 D.4h6hé (.3597 1.,3266 L0943 Ll.32é6
T ~1le9d3 ~2.540 941,09 429.9 &C1l.7 429.9 36Z.3 =1.3 42.1 =0e 0.47384 00,3732 L3354 l.0536 1.2354
8 -2.T36 -3339 549.3 444 0 Al % 440 350.2 lab 40,7 0.2 0.4808 0.385¢ L.2%43 l.0952 1.3443
¥ -5.272 ~5,642 552.0 439.% 350.1 43%.4 390.6 8.2 45,1 Lol 0.4793 0.3750 3412 l.1b22 l.34l2
Lo ~b.385 ~b. 608 943.9 422.8 366.9 422.8 &0L.5 2.0 4T.6 Os4 04706 043628 L.3348 - l.1184 1.3348
Li =7.725 7,784 829.1 401.0 339.0 400.5 &08.2 <-19.8 50.2 =248 0.4%63 0.3428 1.3238 l.1235 1.3238
2 .
5L INCS INCH DEY TURN  RHOY¥M-1 RHOVM~2 D-FAC CMEGA~B LOSS=P Pazs - SEFFA . XEFF=P 1EFF-A
OEGREE DEGREE DEGREE DEGREE TOTAL TOTAL Pl - TOT-IHLET TOI-INLETY TGT=ST6
i 2.2% 4-40 12.04 S4.13 33.12 40,42 0.5054 0.1422 0.0391 0.9464 G265 92.93 92 . &5
[ L.a7 4,27 13.14 90.14 13,88 40.59 0.47Th U.11T0 D.0248 0.9740 93.29 5. 46 95.29
3 D.75 .54 1401 46,45 Ah.T4 40,57 Q.4534 0.0930 0.D205 0.9807 868.15 $8.249 98.15
- 1.58 5.28 11.28 4658 33.6% 38,66 0.48L7 0.0989 0,041 0.9822 93.7¢ 93.99 91.76
] 2e%2 Ta47 a.10 49213 30.7T 26.09 0-448% 0,0821 0.0224 0.9080 87.498 BH.%2 87,498
& 0.a5% 5+67 .20 4h.8) Al.a3 36,08 Q.427% 0.0869 0.0249 0.9840 89.28 89.87 89.28
T ~2.74 LRy Es 9.2 42.23 24.19 3748 0,4019 0.1009 0.0295 0.98% 92.45 A FTEL 92. 05
8 -3.48 2.27 9.6l A0.54% 33,43 38.7H Q.3848 0.1010 0,0300 0,.9852 92.83 §93.909 92.83
9 U4t Ta3% Ll.e3 43.9% 22,01 3746 04204 0.1447 0.0451 0.97489 T4.401 78.91 78,05
iq 2.8% FuTh 1218 41.23 30.69 36414 0.45T7T9 0.1573 0.0498 0.9778 12.84 T3.00 TZe 60
11 4262 §l.TT 10.51 43.0% 28.22 34,08 0.5028 0.172%5 0.0552 ©.9770 a7.59 68.81 6T.5%9
NCORR WCORR,  10/T0 PO/PO  EFE=AD EFF-p TozsTol FQ2/P01 EFF-AD
INLET INLET INLEY INLET TNLET INLET STAGE
RPM L BN/SEC | ) x
T500. 199,70 1.10C68 1.3394 86,41 Gé.93 11008 0.9817 d6.41

136

ve-1
FT/SEC
$50.7

Wi-2
FT/SEC
+Dl.%
398.86
408.2
k.2
&77.8
542.3
5%30.0
62243
638.4
63ba.b

1D&4.t  636.9

RO/ PO
INLET
1.399%
k+3920
i.3837
1.34692
143437
l.3420
143546
Le3o4s
1.3697
1,3642
13547

T/
Tol
1.0973
1.095%
1.0929
1.0943
1.0959
1. 0943
1.093a
1.,0952
lell22
I.1188
1.1235

1EFF-P
TGY-516
591.93
95 .46
98.20
93,99
8,42
89.67
8234
93.09%
78,91
13.68
48.81



ROTOR 2

ORIGINAL PAGE I
POOR QUALITY

RUN NO 94 SPEED CDOE T0s POINT NO 3
SL EPSi-L EPSI-2  w-l V=2 ym-l  YM-2  VE-l  ve-2 B-1 8-2 K-l M=-2 w1 -2 M-1  M-i yrel  y*-2
CEUkEE DEGREE FT/SEC F1/SEC £T/SEC #TV/SEC FY/SEC FT/SEC DEGREE DEGREE FI/SEL FT/SEC FT/SEC FT/SEC
L Li.543 L0.582 495.4 863.5 499.5 593.0 5.6 627.7 Qab  46.5 0.4352 0.T3IT6  584.8  6l3.4% (Q.6b663 0.5067 T64.5 593.1
2 LDs6Tu  9.651 503,08 E4T.& 503.4 569.6 20.3 b62T.6 2.3 HT.T D.4394 0.T234  601.3 62642 Ce6705 QuaBo2 THB.B 56940
3 9.683 B.419 505.7 827-8 5C4.9 5535.4 29.0 413.8 3.3 AT.8 044416 0.7062 B1B.4  £39.6 0.6778 0.4743 T76.1 556.0
b 52935 4.946 492.9 T43.5 4S2.6 542.9  15.4 508.0 =B 431 04297 D.86313 6T1.3 482,01 4.7152 0.4841 8206.3 S570.1
5 Ual3T Q.401 4b8.H 636.0 46b.T 49646 =8.8 397,3 ~l.l  28.7 0.4Q%59 0.5345  %4.3  743,8 0.7704 0.5108 B8s.0 bH05.5
B =2.49] -1,781 46l.2 %$92.1 +4bl.l #&0.6 -Il.0 372.1 =Led 38,9 0.4012 0.49B4  T8L.4  TT6.6 Q.7975 0.5159% 9Jl&.8 4613.0
7 =340 2,662 471.9 502.5 4Tl.9? &49.0 =~1.2 37L.2 =0uLk  39.5 044110 G.4901 8Q00,2  793.5 0.809% 0.5186 930.0 bLib.4
B 4,062 -3.400 483.2 S#5.4 #83.2 455.9 lo% 367.2 De2  38.8 0.4208 0.4922 819.1 B8l0.8 0.8271 0.5349 949.7 63e.2
¥ =6.062 ~5,680 4H0.0 599.8 479.9 46&.5 8.3 3760 1.0 38.8 O.4L46 0.4997 ETE.5  Bb4.5 0.08565 0.5627 991.9 &75.1
LD —6a90b ~ 6647 4T1.S £02,2 4Tl.%& 469.5 4.1 7.1 0.5  38.6 0.4058 0.%5001  995.7 882.9 0.86B2 0.5731 1008.6 490.2
11 -8.026 ~T«§75 453.5 383.5 453.1 468.6 ~=19.% 3I4T.7T -2.4 I6.4 03890 0.4823 915.1 90L.7 0.8908 0.5998 L03B.6¢ T25.6
5L §NCS  INCM OEV TURN RHDVM=1 RHOVM-2 D-FAC CMEGA-B LOSS-P P02/ XEFF-P SEFF-A B'-f B8'-2 v8'-1 V¥9'-2  POU/PD
DEGREE UEGREE OEGREE DEGREE TOTAL TOTAL POL TQT TOT  DEGREE DEGREE FT/SEC FT/SEC  IMLET
b =Ge33 1498 19.03 50,82 42.90  S54.l6 Ouhlé% 0.1473 0.0336 1.3943 99.73 89.26 49.15 ~1.37 ~579.2 l4.3 1.8856
2 -0.8¥ V.56 13,68  49.21 43.33  52.82 0.54475 0.160% 0.0315 1.3831 #8.63 BE.11 49.07 =Q.l% -%8l.0 l.& 1.8819
3 =092 Fe&S 10417 £6.TS 43.58  51.72 0.46T7 0.1602 040386 1.3811 848.23 B7.70 49,43  2.64 -589.4 -25.T7 1.8737
4 1a37  salt Be21 38,35 42.29  51.5] Q.%503 0.1158 0.0204 13441 89.73 £%.32 523.12 17,77 -655.9 ~1T4.L  1.8074
S Aeld 5432 0,68 23.31 39.87 47,49 (.44l 0-1208 0.0281 1.2928 -88.39 B3.91 58.21 34.90 -753.1 -3b.k ].7160
5 5.43  F.77  5.006 LB.53  39.50 44405 0.4553 0.1622 0.02362 1.2643 B0.27 T9.64 S59.80 4l.27 ~792.4 -404.5 Ll.6767
T 4et2 BaTQ0 3496 16a2B  40.56  42.96 (4595 0.1630 0.0407 1.2514 77.04 T4.33 59.49 42,21 —80k.4 -422.3 1.6722
] 4.00 Tebl L.83 15423 4Ll.58 £3.65 Quh503 D 1874 D.0421 R24TT 75.82 715.08 59.38 44«15 =8LT+0 =443.6 L.6773
3 hale buBZ -0.96  L4.82 40,60 44,17 0.4469 Q.1856 0.0449 1.2080 Té.06 79.29 60.95% 46.13 -868.1 -587.9 L.6904
10 A8 6,98 Q28 15205 39,69 44,25 0.44%3 0.1T97 0.0446 1.2726 Tée87 T4.09 62.00 4686 ~891,7 -505.8 1.7015
11 &e50 8239 3496 14239 3T.90 43,83 0. 4320 0.17%9 0.0431 1.2733 74,57 79.78 &4.01 49.42 -934.5 -554.0 1.6885
T0/T0  PO/PO EFF-AD EFF=P WCL/ AL TO2/TOL PL2/POL  EFF-AD EFF-p
INLETY INLET INLET INLET LBMW/'SEC ROTOR ROTQR
] T SOFT 3 1
1l.2049 17436 83,93 6%5.12 30.73 1.0948 1.30L8 62.58 8d.20
STATOR 2
RUN NO 9, 5¢
SL EPSI=L EPSi=2 w-1 V-2 Y=l w2 ve-l  Ve-2 B-1 B~ =1 [ LF] '931550 coDEng;Dnolntpggpca Thas
DEGREE OEGREE FT/56C FT/SEC FT/SEC FT/SEC FY/SEC FT/SEC DEGREE DEGREE IHLET INLET STaGE  tol
1 8+689 D.B4T B84.5 639.2 A29.3 63B.9 621.3  2l.4 A9 1.9 0.7578 0.9331 1.7920 le2L%6 1.32% lallla
2 T+631 0,743 847.5 8488 6Che7? 68be2 622,01 27.2  46.0 2a% D.T423 0.5403  1.8048 L2517 13318 l.llle
1 4.495 D.485 B47.2 662.7 588.4 o62.T 60%.S 3.5  46.2 0.3 047243 0.5553  1.B275 1.2138 13467 L. 0404
4 34627 -0.508 762.0 Blé.é 569.6 blbok S06al 4.l 4L.T =1.3 D.64B2 0.SLT1  1.TH4T 1e2024 1.3249 L.0988
5 0,920 ~0,953 6%53.7 2525.4 519.% 525.1 390 -2T.2 3T.%  =3.0 0.5524 0.439  1.4989 1.1929 1.2741 [.eds
4 —0.33T7 =0.903 410.3 486.3 423.4 485.3 IT2.I =30.9  3T.5 -3.6 0.5145 0,4060 J.4660 L1.1895 1.256} 1.0870
T =1.120 ~0.882 601.0 480.9 4T2.3 A80.D 3Tieé =20.1 38,2 =3.6 0.5064 0.4016 1.86416 l.5882 1.2452 1.0866
8 =L.%70 =0.903 404.3 488.3 479.3 487.6 68,0 =26.4 3.5 3.1 0.50BF D.4078 l.6&e7 L1891 1.2399  L.0866
P 4,399 «1.09% 6i2.3 9140 493.9 SL4L0 3VB.S  <0.9  3T.5  -D.b 05196 0.4257  1.8084 l.2125 1.2504 1.O%17
10 =5.217 -1.161 &27.&4 3520.2 500.0 520.0 3719.2 12.0 31.2 bed 045222 044293 luo¥52 k.2220 142558 1.0935
Ll =0.00% -1.177 6l4.1 50%.% 4C4.5 505.5 350.1 74T 34,9 0.9 0.5089 0.4145% l.4632 1.2251 1+2558 1.0941
5L INCS  INCM DEY TURN  RHOVYM=1 RHCYM-2 D-FAC CMEGA-B LOSS=F PO/ SEFF=a FF-P - -
DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL POL TOI- INLET TD:EINLEI :E:fs:s %g;fsgc
L =3.85 =199 1373 42,58 56.73 6252 0.4302 0.156%9 0.0354 0.9%02 82.52 83.87 T5.11  76.08
2 ~le3B  ODeth 23,66 43,63 55.08  63.%5 Gu%131 01348 Q0310 0.9584 84.34 85.56 Toedd  1T7.35
3 —(e4b  Z40% 1115 45.80 Yh.U5  6%.7L 0.3087 0.0857 0.0201 0.9745 ar.%1 88.87 80.22  B1.0l
% -~J.B8 ~0.02 9.00  42.99 53,51  6l.%l 0.3628 0.0%54 0.013 0.9863 88.84 89,869 B85.01  85.57
5 =7.3% -2.03 T.36 40,33 49,27 52.01 0.3732 0.0610 0.0163 D.9885 B4.67 85.7% 82.29  B2.87
6 —6e85 =1.086 0.58  A1.19 AS.B9  47.94 D.3802 0,0522 0.0144 0.9913 Bz.a1 84,00 71,29  17.98
T -6.07 =0.080 £.%9 41.T4 4405 AT.AL 0, 38T4 0.0360 0.0100L 0.9942 82.90 844 D0 T4.58  75.32
8 =0.55 -0.36  T.0l  ADSA 45,53  48.16 0.3T66 0.0353 0.0100 0.9943 B3.04 84,19 73.097  73.84
9 -&.31 0.39 10.07 3T.99 48.32 49.78 0.3532 0.0620 0.01862 0.9896 7%5.00 Ta.72 71.78 Ti.03
10 ~7.22 <0435 11.09 29,92 44.462 49,92 0,3486 0.0777T 0.023¢ O.9868 Tl.84 73.74 TLIT  T2.é4
L1l =10.87 -3.78 12.80 37.9% 4b.66 48.05 D.343% 0.0847 (.0253 0.9863 68421 70.37 a3l 72.19
NCORR WCORR  TO/T0 PO/PU  EFF=AD EFF=-P Taz/TOL PO2/POL EFF-AD
INLET  INLET INLET  INLEY  INLET XNCET STAGE
RPM  LBM/SEC % 3 X
7300, 109,70 1.2049 L. TITO Bl.44 02,77 1.0944 G.9444 1.6l
137



APFENDIX C

TABLE XV(d)

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

(Uniform Inlet Flow, 70 Percent Speed)

U.§ CUSTOMARY UNITS

ROTOR 1
RUN NO 9, SPEED CODE 70, PULNT NG 4
SL EPSI-] eP51-2 ¥-1 V=2 wM-1 WM=2Z  Vé-l  ve-2 B=L a-2 n-1 L] u=1 U2 LAY Mol
LEGREE GEGREE FT/SEC FT/SEC F1JSEC FT/SEC FT/SEC FY/SEL DEGREE DEGREE FT/SEC  FT/SEC
1 Llo.421 L7.588 305.5 715.% 365.5 369.2 0.0 &13.4 040  58.9 0.2T5T Q.4358 440,11  509.4 0.4834 C.3404
2 k3,671 15.383% 311.8 &88.2 318.8 377.4 0.0 575.4 0.0 56,7 0.2814& (.6096  474.%  534ul  0.512%5 0.3364
3 11.102 13.035 317.8 &463.2 3i7.8 378.8 0.0 S44.3 0.0  5%.1 0.2849 Q.5861 508.3  598.7 0,54t2 0.3350
4 4,307 T.0T0 329.8 €16.5 329.8 364.4 0.0 4899 0a0 5343 04297% 0.5363  £05.2 632.7 C.6226 0.3438
5 ~24032 0.T60 331.9 8704 331.9 346.7 0.0 452.9 0.0 52.6 0.2998 Q.49T6  12&.1 731.3 0.7213 0.3879
b ~4.930 —1.990 328.8 566.4 320.0 3IT0.4 Q.0 4284 0.0  49.2 D.2970 0.4937  184.2  780.6 C. 7EOL 0.4455
T -ba695 -3,30% 325.d 5T6.4 325.4 389.2 0.0 425.2 0.0 47,6 0.2943 0.50231  Q12.9 §0%.2 O0.79hC d.4740
4 ~glbhe =5.050 121.9 SeS.4 321.5 384T 0.0 441.5 0.0  45.0 0.2903 0.5088  B4let  B29.5 (C.BL3S5 0.4750
9-13.88% -9.190 303.4 598,33 303.4 3le.3 0.0 50%.5 0.0 50,0 0.2737 0.5116 9273  $03.8 ¢€.BBJ2 D.4265
L-14.752-10.27T1 297.1 582.9 2%T.1 @52.8 Q.0 525.2 0.0 64,3 0.2679 04914 955,68 928.5 0.9027 D.4061
Ll-146.270=11.086 2%2.4 573.0 292.4 225.4 0.0 S526.8 0.0  48.8 0.2636 0.4875  984.4  9%3.1 0.9259 0.4}02
SL INCS  INCM DEY TURN  RHOVM-1 AHOVM-2 D-FAC CMEGA=8 LOSS=P  PO27 XEFFP REFF-A4 8'=1 B'-2 VB'-L VE‘=2
VEGKEE JECGREE DEGREE DEGAEE TaraL TaTaL ) Ta7 TOT  UDEGREE DEGREE FY/SEC FT/SEC
L B.éD 13,20 12.24 M.6% 22,50 29.%4 Q.5961-0.0042 -0.0009% 1.3981 100.19 100.22 54.68 -15.71 4401 103.9
2 Be6L 12,90 13.38 .64 22.93  30.59 (L5804~0.0110 ~0.0025 1.3924 100,54 100.59 58.42 -6.23 ~474.5 4l.3
4 8.1l 12.B2 13.70  55.8% 23,33 30.97 0.5988—0.0015 ~0.0004 1.3857 100.06 1C0.05 57.72 2.17 -5CH.3 -lk.4
4 FaT4 13,31 LN. 69 39,88 24.13  30.27 0.46293 0.0596 0.01%8 1.3739 95.72 95,55 61.2% 21.37 -605.2 -l42.9
5 1Ua93 13,81 8448 26265 24,27 29.07 Q.6L83 Q.1303 0.030% 1.3688 BB.T8 83.30 65.44 38,75 -T26.1 -2T8.4
& 1la3% 13,467 6223 23278 24,07 3120 0.5628 01194 0.0265 1,3740 89.03 68.3%6 67.31 43,57 ~TH4.2 —362.2
T 11.69 13,79 4.03 23,94 23,87 32,80 0.54L7 0.1129 0.0262 L.3833 80.91 §8.42 &68.27 44.34 —HE2.9 -380.0
¢ 12.05 L0  2.45 23.56 23.58  32.23 0,503 0.1553 0.0343 1.3892 84,77 B4.08 69.26 45.31 -@%let -308-4
9 1341t 14.58  4.82  20.58 22.36 25,87 046657 03230 0.0711 L.3931  69.24 6T.80 T2.20 S5l.62 =927.3 ~398.4
10 13,36 1465 10.96 19,08 21.92  20.52 CaT134 0.3814 0.0732 1.3858 S#.21 £62.56 T3.04 51986 —95%5.8 ~403.3
LI 13,30 14.46 15.77  41.53 Z1.6C  LB.27 Q. 7188 0.4045 040698 1.3823 61.85% 60415 7T3.64 62.11 =984.4 =425.3
TQ/T0  POJPO  EFF-AD  EFF=P WC1/ AL TOZ/TQ) FO/PQL EFF-AD EFF-p
INLET  INLET  INLET [INLET LBW/SEC ROTOR  ROTOR
] ¥ S0FT 1 z
L.lleb 1.3819 83,53 0424 22.42 1.1160  1.381% 83,53  84.24
STATOR 1
RUN NG 94 SPEED CODE 70, PODINT NO 4
SL EPSI-L EPSI-2 w4 V=2 M=l yM-2  yg-L ye=2 B-1 B-2 -1 M2 PO /PO to/10 PO/RQ
BEGREE DEGREE FISSEC FT/SEC F1/5EC FT/SEC F1/SEC FT/SEC DEGREE DEGAEE INLET IMLET STaGE
1 k8075 14.926 Jl4.8 ALO.8 236B.0 410.8 600.4 .0  57.3 0.5 0.4345 03852  1.35Ce 1.4004 1.3506
2 154768 13,245 089.7 413.5 355.4 41342 565.2 LTed 55,1 2.4 0.6110 0.3379  1.3949 ks 0987 Lv 3549
3 13,730 LLe603 £86.5 4AL5.2 395.9 4l4.7 53642 20.7 5l.a 2.8 0.5893 0.359% 1.3575 1.a977 1.3579
4 Bebl9 T.242 617.0 395.40 2380.2 394.8 485.9 L2.2 52.0 LB 045423 0.3414  1.3489 1.0993 L3489
5 3.1353 24063 5TB.0 272.7 360.1 IT2.4 452.2 -6.4 51.5 ~1,0 0.5046 0.3206 1.3182 1.1083 1.3382
& Lel34& 0.0TL 471307 372 3Mh.l  AT1.2  428.T  ~h.t  4B.4  =a.7 0.5003 0.3193 1.338% i.l085 1.3389
7 0.446 -0.64% 583,27 284,.2 390.3 384.1 425.8 FYCI T 1.0 0.%0685 0,3304  1.34Ta L.1083 La3470
8 ~0.220 14295 5923 158.3 394,3 398,01 A%2.0  13.4  4B.3 1.9 0,5150 0.3422  1.3547 L1123 L. 3567
9 ~2.924 -3,029 403.6 384.2 32T.4 306.2 S507.F  -3.5  5T.1  ~0.3 0.35683 0.3276  1.3560 1.1393 L.35%9d
Wo~4,74% 4,898 591.1 270.¢ 285.9 370.1 527.9 =176 3.2 -Z.7 0.5048 0,3125 1.3539 L1504 1.3539
1l ~6.910 -6.861 581.3 2335.0 236.8 353.7 530.9 ~30.7 660 5,0 0.4949 0.2977  1.3&87 141609 1. 3487
sL INCS INCH DEV TURN  RHOVYM=1 RMOYH=2 O-FAL OMEGA-B LOSS-FP PO 2/ TEFF~A TEFF-p AEFF-4
DEGREE OECREE OEGREE DEGREE TOTAL TOTAL POL TOT-INLET TOT-INLET  T(T-576
L 4,74 4.85 12.88 56,75 31.06 3623 0,589% 0. 1431 0.0293 0.9499 89,41 89,82 89.41
€ 4.9 BL89 L3462 S2.7%  32.00 36,58 O.5634 0.12L3  0.0257 D.9728 91.81 52.18 91.87
3 hold 4,89 13.23 50,78 32.31 36,80 O,5431 0.0946 0.0213 0.97%7 53,59 93483 93.59
4 493 A.T0 10,03 50,22 3149 34,97 05450 01001 0.0247 0.9814 90.02 90.41 949.02
5 9.97 11.02 8,32 92.47 30,08 32.76 0.5723 0.1389 0.0380 0.9717 Bl.73 82.43 81.73
& 3e35 896 2,65 49.08 32,00  22.65 0.5667 0.1493 0D.0427 0.9767 81,39 82.11 81.39
T 2,09 T.97 10a34 45,95 33,48 33,83 O.544% D.LeLS 0.0413 0.,9775 B2.11 82.82 82401
B 3.65  9.79 11.36 46,32 32.9¢ 35.04 0.%303 0.1302 0.0386 0.9787 81.28 B2. 0% 81.28
7 12,49 19.37 10.02 5T 43 28.69 33,41 0.6142 0.1472 0.0459 0.975: 65,84 at.24 45. 84
10 1e.31 29,36 9.03  65.97 21.51  31.74 Q.5832 0.1803 0.0507 0.3713% 40.22 &41.85 60.22
Ll 20.37 27.52  8.3%  70.97 1913 20,07 0.7036 0.1562 0.049% 0.9757 15,48 57.24 55.46
NCORR  WCORR  1O/10  PO/PD EFF-AC EfP-P TR2/T0L  POI/POL EFF-AD
INLET  INLET INLET  INLET [INLET INLET STAGE
APM  LBM/SEC 1 1 ]
T487. 96.7C Ll.l180 1.3502 717.228 78.1% l.1160 0.3TH 11.28
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V-1
FT/SEC
535,7
30T.48
599.5
689.2
198.23
4%0.4
8715,8
901.0
§75.7
10ag.9
1926.9

I3

PLSFQ

IhiET
i.3981
1.3924
L.3as?
1.3739
L.3688
13740
l.3823
L3892
E.3931
1.3858
1.3823

T2/
TaL
L.1d04
L. 0887
1.993%7
1.40993
L1063
lalass
l.1083
l.1123
1.1393
1.1504
l-1609

3EFF-P

T0T-51G
B9.82
92.148
93.83
9041
82.43
82.11
42.82
82.0%
aT.26
Gl.83
51.2¢6

V-2
TISEC
3g3.s
379.8
3r9.1
391.4
4447
511.1
$%3.9
S46.T
Q6.7
476.0
482.2



ROTCR 2

RUN NO 9+ SPEED CODE 70, FGINT NO 4
$. EPSI-1 EP51-2  w-1 V=2 k=l yM=2  ye-t  ve-2 B=1 8-2 -1 -2 L33 w2 Mba)  MUel Nl yre
LEGREE UEGREE FY/SEC FT/SEC FV1/SEC ET/SEC FT/SEC FT/3EC DEGREE OEGREE FT/3EC FT/SEC FT/SEL ETASEC
L 11.598 LD.9L3 437.6 821.0 437.4 526.& 1.7 6325 Q9.5  S0.1 0.3T90 Q.469684  583.8  bl2.4 C.4293 0.4472 126.7 527.0
2 M0 Th 9.526 4dd.l BCH.A 4438 506.9  l6.8  630.2 2.2 3l.k 9.385F 0.08%8  6C0.3  6£29.2 (.4356 0.4299 TIA.1  50T.0
3 9.769 B.23%F 449.1 792.1 4.4 512.4  20.6 &04.B 2eb  49.5 0.3E9T 0.8721  €17.4 038.5 C.6479 0.435% 140.6 5l3.6
% 5.780 4,534 §35.4 J0%.C 435.3 4B4.d  12.0 S5U0.8 Lt 464 0.3T73 0,5946  670.3  &BL.0 U 4836 0.4343  789.1 5i4.9
3 0,069 -0,084 410.1 602.8 410.0 440.3 6.4 4L1.T =049  43.1 0.3536 0.5042 743.C T42.5 0.7369 0.4606 B85%.3 550.7
b —2u443 2,251 402.8 S04 402.8 402.2 =B.0 40l.s -D.T b6 0.38T0 Q.473T  T80.1  TT5.3 C.T7603 0.45T6  BBZ.4 549.0
T =3.208 ~3.431 413.0 9£3.9 412.0 389.7 5.8 Q7.5 0.6 4643 0.3550 0.4693 T98.8  7192.2 0.7699 0.4557 B93.& 547.6
8 =373 3,774 4280 24H.0 425.8 391.% 13.7 #il.2 1.8  &b.3 0.3448 049719  B11.7  809.5 (-TH3Z O.466l 909,80 558.7
9 -54383 ~5.043 4201 SHR.2 430,01 424.0  ~l.f 3990 0.7  43.) 043899 G.4TI6  A75.0  842.1 (0.8209 0.5158 976.6 628.5
L0 =b.429 64009 422.5 574.5 422.2 430.5 -l6.2 380.3 =2.2 4l.3 0.3575 Q.4888 B94.2 881.4 (0.8492 0.5390 1003.6 660.7
1h -7.808 -7.985 413.0 559.2 4L1.9 435.6 ~30.8 3I44.3 =%.3 38.2 0.3475 Q.4506 913.5 900.1 4O.866H 0.5732 L0303 TD&.2
SL ENLS  LNCM DEY TURN  RHOYM-1 RHGWM-2 D-FAC CMEGA-B LOSS~P  PQ2/ XEFF-P REFF-2 A'-1 R'-2 vy8'-1 ¥B'-2 PG/PO
DEGREE VWEGREE DEGREE DEGREE TOTAL TOTAL PO} TOT TOT  OEGREE DEGREE FT/SEC FF/SEC  IMLET
Lo 3.42 T.73 18022 89,04 AB.27 49,00 0.4TBT 0.0722 0.0392 L3926 89.11 #H.61 52.90 =-2.18 -580.1 20.1 1.8826
2 2.0 T.22 £3,2% 13,30 28.90  4T.69 0.5083 0,1B17 0.0425 1.3883 88,25 H7.71 52.13 -0.57 -881.5 5.1 L.88l5
3 273 T3 BE.2T A% 34 19238 40,70 0.5047 0.15713 0.03T6 1.3841 89.29 H8.81 53,08 3.7k -595.8 -33.6 1.879Z
b 4a19 5439 972 37.27 38,08 46,62 0.5115 0.14L2 Q0.0343 1.3402 B6.29 AT.82 56.% 19.28 -658.1 -170.2 1.80T1
5 Tedd Li.42 €70 24040 35.66 42,44 0.4953 0.1804 0,0364 1.2862 83.29 02,71 61432 3€.52 -T49.4 -330.8 1.7240
b Bu&T 12.80  6.87 14.95 35.10 3067 G.5146 0.ZLL0 0.0439 1.2640 T6.97 7818 67,86 42,88 =785,1 =373.7 1.0940
T Tabbd 1la7%  5.34  17.93 35,97 37,43 0.5244 0.2348 0.0509 L1.25%5 73.98 73.16 62.53 44,80 ~T63.0 ~384.6 1.6924
8, 0407 10.48  3.09  lés64 3718 37.58 0.5228 0.2493 00539 1.2526 72.37 71.5C 062.0% 45.41 ~804.0 -398.2 L.89%1
9 ee33 S.81 0 0037 14a3L 38 7B A0.02 D.49%6 0.2368 0.0339 1 2888 J2.2% Thle3) A3.Th  4T.43 —BT6.B ~4b4.0 1.T201
L0 7,78 9,96 2.48 15,82 35,73 40.31 G.4809 0.2267 0.0538 L2659 T72.33. 11.62 64,98 49,16 -9L0.4 -501.1 1.7158
L 8480 10,49 6010 14,35 A48 40,40 0u 495 0.1981 0,0463 1.2613 7430 71.48 66431 51.76 —96&.4 ~355.9 1.7016
TO/TQ  POJPL EFF=AD EPF-F WGLS AL T02/T01 POA/POL  EFF=AD EFF-p
INLET  IWLET IWLET IMLET LEM/SEC AOTOR  ROTOR
1 1 SQFT ) 1
12240 La7550 T7.75 7T9.41 27.62 L.0988  1.29%8 80.1% #4.8%
STATOR 2
RUN NO 9, SPEED CODE 70, POINY NG 4
SL EPSI~% EPSI-2  y- V=2 VM1 YM-2  ve=l  Ve=2 -1 B=2 m=-1 n-2 PQ /PO Ta/T0 POSPO TLZ/
DEGREE DEGREE FY/SEC FY/SEC FISSEC FY/SEC FY/SSEC FT/SEC CEGREE CEGAEE INLET INLET STAGE  Tol
L 8.662 0.809 838.9 3AC.T 558, 580.2 626.1 24,1 4B.b 2.4 0.T132 0.0811  L.7977 1.2235 1.3311 1.11a0
¢ T.53% 0.657 B23.9 1.1 937.L 986.8 62%.8 19.0  #9.5 1.9 0.6998 0.4871  1.8076 1.2219 1.3343  l.1120
3 beadk 04371 07.4 0600.2 939.3 6000 400.6 12.0 4B.2 1ol 0.4856 0.4992  1.B247 1.2182 1.34637 1.1098
& 34921 -0.478 T19.3  3985.5 508.3 555.4 S508.9  -B.0 45,1 -0.8 D.60TS O.4823  J.78T4 L.2a8t 143253 1,099%
5 Llalid =1.119 616e3 461.3 4390 460.T 411.2 ~22.9 41l.8 —2.8 0.51&1 0,3819 1.7092 1.2058 1.2773  L.0899
6 <0u159 ~1.08L 583.2 41848 421.5 418.0 40Le7 =22.5 43.6 -3.l Q.48%8 0.)5%54 1.6782 1.2012 1.253¢ 1.090
T -0a997 ~5.038 S5T8.1 AlYadk 4095 4A15.2 40B.1 ~-19.2 44.9 =2.6 0.4816 D,3426 [.6754 1.209 Le244% 1.091%
B 1,952 =1.072 42,0 420.2 A12.1 419.9 4l2.1 ~15.5 45,0 =2, 0.4B&} D 3458 1.6779 L2141 1.2371  l.8928
9 —A.b2l ~1.297 600,99 450.3 4415 460.3 40L.0  =2.1  4L.F  ~0.3 0.4938 0.374%  1.6974 La 2466 1.2479  1.0970
10 =5.380 -1,350 59642 441 457.3 4645 382.5 0.6  40.0 ~0.) Q4873 0.3762 1.8945 1.25%0 1.2519 1.0949
1h -6,073 =1 .288 9H2.1 4%50.7 487.6 #50.7 348.T 0.7 .7  =0.k 0.4734 0.3533  1.6837 1.26486 1.2479 1.0929
5L [NCS  INCM DEY TURN  HHOVM-1 RHOYR-2 D-FAC OMEGA-B LOSS-P P02/ SEFF-4 AEFF~P TEFF-A YEFF-P
OEGREE DECREE DEGREE DEGREE TOTAL TOTAL PO L TOT-INLET TOT-INLET  TGT-5TG TOF-sSTG
L 0.10  1.65 14,19 46,18 51.56 58.2Z1 0.4693 0,1564 0.0354 0.9549 81,49 82.93 75.89  Th.82
2 2411 4a23 13,10 4T.6B 9008 59.12 0.45T0 0.1408 D.032% 0.9606 82,51 04430 T6a5L  7Ta42
3 Le59 4,09 10.99  47.C6 30,87 50.80 0.429T7 0.107F 0.02%3 0.9708 8984 86,97 80.05  80.B84
4 ~dukb 3.41 9.90 49,92 48.6)  SA.%& L 40GT 0.0%39 0.0134 09876 86,349 BT .44 B4.17  B4.T2
5 -2.8T Fa46 Tahd A48 44.00 hbAT Q4423 0.0480 0.0123 0.9924 80438 Al.75 80.37  Bl.0L
6 =0.81 4,98 T.l4 46,81 40,29  41.09 C.4833 0.0432 0.0180 0,990 Ta.86 T8kt 73033 Té.l4
T Qubd  6.83 7.92 47,50 29,10  4L.51 0.4879 Q.063T 0.01T8 0.9907 T5.78 17,49 7030 Ti.i7
8 Qe92  Tal3d T.99  47.09 39.29 41,83 Q.4877 0.0812 0.0230 0.9880 T4,39 T8.16 61.56  &8.09
9 =he90 4,80  G.90 42,18 41.93 44,72 0.4320 0.0B83 0.0253 0,9868 66.09 68.4 0 67,15  ad.lé
Sl 448 2440 MOLTL 0 A0.0F 42044 4hob4 04113 0.0T30 0.0218 O.94%0 42,85 65,47 68,17 &9.15
Ll -9.08 -1.98 L1805  30.7¢ 43.00 42.85 0. 4038 0.0T41 0.0221 0.949% 55,64 62.43 T0.06  10.9%
NCORR  WCORR  TO/10  PO/PC EFF=AD EFE-p TO2/TOL  PO2/POL EFF-AD
IMLET  INLET [IWLET  INLET  IMLET 1INLET STAGE
RPM  LBM/SEC | 4 5 3
T4BT. S8.T0 1.2240 1.7283 79,44 TT.24 L.0948 049840 15.29
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APPENDIX ¢

TABLE XVi{a)

{Uniform Inlet Flow, 85 Percent Speed)

U. 5. CUSTOMARY UNITS

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

ROTOR 1
RUN ND g, spEEC CDOE 85, POINT NG 21
SL EPSI-1 EPS1-2 V-L V=2 M-l  WM=Z  Vé-1  v¥@-2 B-1  B-2 M-I  H-2 u=1  y=2 MI-L MI-[ Vo) =2
DEGREE DEGREE FT/SEC FT/SEC F1/SEC FT/SEC FI/SEC FT/SEC CEGREE CEGREE FT/SEC FT/SEC ET/SEC FT/SEC
L l5.641 16,437 S€7.8 $24.0 4ET.B 554.4 0.0 T39.2 0.0 £3.2 0.4454 0.6237  534.3  618.5 C.6605 0.5058 723.5 567.4
2 14.129 16.1Eb  £397.7 £€B89.0 45T.T S554.% 0+0 865.0 3.0 51.5 0.45%8 Q.T7893 5T6a.1 H4B.6% 0. 6956 0.4939 THl.3 556.3
3 11.838 14.035 507.2 E£61.5 507.2 593.9 0.0 660.3 D.0 50.0 0.4€£39 0.7627 617.1 678.3 0.7305 0.4904 7T98.8 5§5&.7
4 5.978 H.290 S3G.1 TE&.1 530.1 Se44.0 0,0 584.7 0.0 46.1 0.485T Q.6885 734.1 T6B.2 C.8302 0.5100 906.0 580.4
S Qelléd L1.81L %445 £84.4 545,99 495,5 0.0 432.1 0.0 43.6 D.4999 0.5954 :1: ] 88748 Q.9509 0.55629 lU3&.3 &5&6.8
6 ~1la952 =1.021 S4T.1 £5%5.€ E4T.1 479.8 0.0 44%6.8 d.a 43.0 D.50Z21 d.56B8 952.1 947.7 1.00718 0.6015 1098.1 693.8
7 ~3,027 =2.378  £47.3 68€.4 S4T.3 S09.8 0.0 429.0 0.0 40.1 0.5023 0.5788 967.0 SI7.6 1.0357 0.6505 1128.6 7T48.9
# ~%.259 -3.689 THE.T ecel.4  FA4,T 515.7 0.0 425.1 0.0 39.5 D.5017 0.5759 L1021.8 1007.5 1.0635 0.6T49 1158.8 7T7T.9
9 —8.286 -T.579 £38.7 £89.2 S53H.T $36.3 0.0 432.9 0.0 38.9 0,4940 0.5951 1125.6 1C97.3 1.1445 C.73T2 1248.0 853.9
L0 -9.775 =8.856 533.6 704.% 53346 547.2 0.0 &§44.3 0.0 39,0 0.4891 0.6073 L1s0.4 1127.2 11707 0.7539 1277.2 675.1
L1-114163-10.220 £21.4 €85.8 5274 51347 0.0 4541 8.0 41.4 D.4832 0.5873 119%5.1 1157.2 1.1967 0.7459 1306.3 870.7
SL INCS INCH DEV TURN  AHCYM=]1 RMCYM=Z D-FAC {MEGA=-B LOSS-P Pa2/ TZEFF-p TEFF-A B'-1 B=7 Ve'~1 Vvet-2 PC/ PO
DEGREE OEGREE DEGREE CEGREE TOTAL TOTAL  POF  TOT  YOY OEGREE DEGREE FV/SEC FY/SEC  INLET
L 0,99 5.50 15,65  §%.6€ 33,85 43,27 0.4583 0.0157 0.0034 1.6088 $9.20 99.16 47.97 -12.31 -534.3  120.7 1.6088
2 1,12 5.42 l4.80 £3.74 34,39 44,02 0.4935 0.0245 0.00% 1.5961 9B.EL 9E.53 4€,94 =4.80 =576.1 6.5 1.5941
3 L.3b TakhT 13.39 48.50 F4.91 4%a6] 0.5155 D.0258 0.0071 1.58€5 S8.14 98.04 50.37 1.86 -61T7T.1 =18,0 1.5865
4 2457 b.04 10,84  33.55 36.12 45,15 05311 0.0472 0.0118 1.5513 96.21 95.99 54.07 20.52 =734,7 -203.5 1.5513
5 3.35  ba%3  $.73 16,27 36,88  41.83 0.5151 0.0999 0.0230 E.4BES 09.72 09.16 5€.27 4C.00 =~BEL.5 -415.8 .45
6 419 6.4  B.B9  13.€9 37.00 40.72 C.4978 0.1171 0.0256 1,4743 87,02 86.32 &0.12 #6.23 -952.1 -500.9 1.4743
T 4,82 6.52 6,78 12,91 37,01 43,65 0,459 C.0799 0.0177 1.4939 90,79 90.28 61.00 47.05 -987.0 =548.6 1.4939
a habi &a60 S.tL 13.40 36.98 4%.28 0.4500 0.0825 0Q.0182 1.5C26 90,31 6S.74 68l.8B6 &E.47-1D21.8 -582.4 1.5026
9 5.38 fa81 4a24 13.39 16.57 46.19 0. 4374 C.1094 0.0244 1,5401 86.93 86.13 c4ad3 51.04-1125.8 -66&.4 11,5401
10 5.62 4,92 4022 1A.0S 36,71 47,09 0.4392 Q1249 0.0283 1.5602 B%.24 04.31 £5.31 51.22-1160.4 =88Z.5 1.5602
L 5.24  £.99  T.40  12.43 35.9F  43.84 0.4598 0.1752 0.0382 1.5409 79.24 77,97 66.17 53.74-1185.1 -703.1 1.5409
TE/T0 FD/FCL EFF-AD EFF-P wC1l/4A1 TOX/TOL #L2/001 EFF=-AD EFF-P
INLET  INLET  INLET INLET LBP/SEC RDTQR  ROTOR
' T SGFT X 1
1.1446 1.5328 85.75 90.3) 235,00 1.14%6  1.5228  B9.75 90.33
STATOR 1
5L EPS[=1 EPSI-2  y=] V=2 WM-1 uMe - - _ " _, RUN MO 9, SPEEC CODE 85, PCIMT NO 21
DEGREE DEGREE FT/SEC FT/SEC F1/SEC F1sece Frosec Frosec cecate cecpee L "2 ey Thier Poaen e
; i:':g? i;.;zu 7230 63e.q 3826 £36.3 13,7 3.5 5L+ 0.3 0.6288 0.5461 1i5§f; 15725; 15;255 LoieeT
- =£%0 «5 €30.1 582.6 6£29.8 6B2.T 19.7 9.7 1.8 0.7978 0.5429 1.5318 1 . :
3 16.028 11.€68 €73.0 625,27 =E2.1 628.5 €50.5 28.1 48.3 2.5 0.7737 0.543: 1.8 11437 drares 1ihe
4 B.554 7.267 BO0.0 £14.5  S71.1 £14ch 550, : : %0, ot 05 Jel437 L.5343 L1437
P2t LN Tals senl s2ile 56510 adhi3 -loiz a1 -10 Geainy orseee  biesse L2 L liisw
-0.501 -0. €T5.6 52,1 5C5.1 552.0 447.2 ~l1.0  4L.5 =1.1 0.586]1 0.474% L.4582 ‘ .
Torl-800 -1,992 €82.0 f7i.4 533.4 5T2.6 429.9  -1.9  38.3  -0.2 0.5061 0.4929 1. It
8 -2.974 ~2.582 £87.2 i89.5 £38.9 589 . . N 25 an : 14182 11349 l.s7az d.1349
Rt R et g e G T v e ey B R
=7.143 -6, T26.7 828.4 £72.8 627.5 447.3  32.1  38.1 2.9 0.6275 0.5372  1.5242 L6tz 1.5 :
Ti -8.139 7.582 709.7 Z€7.6 S42.4 S07.5 43T.8  -~4.T7 40,3  ~0.5 D.6095 0.4988 L 4918 ti16se 14913 :.::é:
SLINCS  INCM  DEV  TURN AHCyM- K-2 D- - -
DEGREE DECREE DEGREE DEGREE R b ToreL  por ket R ERRoA TEFE-F
1o=1.17  €.9% 12.£4°  51.07 45.3C  56.19 0.4b66 Q.1315 0.0269 039523 88 hLET TD‘;;I:LEI’ TOT-ST6 TOT=STG
2 -l.l6  1.26 13.€1 47,90 45.95  55.85 Q.448] Q.11 i * +09 88.2¢  m9.00
- 2 <4481 0.1142 0.0242 0.9609 89,58 90,146 89.58 90,16
3 -l.24 0 1.54 12,94 KEL74 4€.54 55,90 0.4302 0.0999 0.0220 0.9674 90.52 g N
P T2e3% 1018 5.8 44,07 46.9¢  54.B3 0.3952 0.0598 0.0l4s 0.9831 q1.a1 32036 B 92:38
3 =3.42 1,63 8.28  43.12 43,60 50.3T 0,3749 0.0270 0.0074 0.9941 at.5% onie PR
& =3.50 .12 8.22  A2.68 42.45  AB.S5 0.376B 0.0603 0.0172 0.9974 a3.84 eesd ey s
T -5.92 -0.04 9,20 39.07 45.23  50.50 0.3491 0.0646 0.0188 O.98s2 86.93 87-63 200y aree
8 ::.$§ “C-CB  9.90  27.91 45.82  52.00 0,3260 0.0478 0.0142 0.5897 87.25 87,93 87023 87.93
o oen g.;g :f.g: 3545 4778 5445 0.3068 0.0647 0.0200 0.9855 B2.54 83.5¢ 82.95  83.90
11 25735 iiey el ‘0-73 AB.72 54,88 C.3LTT 0.0855 0.0270 0.9802 75.93 61406 79.93  @L.08
. - =73 £5072  50.79 0.23826 0.1439 0.0461 0.96a1 71.76 73.28 71.76  13.28
NCORR  WCORR  YO/TL  FO/PC EFF-AD EFF=p w2/ -
INLET  INLET IMLET  IKLET TMLET INLET 2101 pozsrol :::520
RPM L 8M/SEC 1 r x
€50, 154,10 1.1446 1.5036 85.48 86.27 1.1446  0.9810 45.48
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ROTOR 2

AUM NO 9, SPEED CODE 85, POLNT NU‘Z} vt o
EPS1-1 EPS1-2 V=1 V-2 YM=1 yM=2 ve-1 vg-2 A=1 8-2 H-1 M=z u-1 u-2 M-l M= - -
DEGREE DEGREE ®T/3EC FY/SEC F1/%€C FT/SEC FT/SEC FT/5¢C CEGFEE CEGREE FY/SEC FT/5EC o7 F;;gEg F;;gf:
11,437 L1a1%4 7044 1122.23 TCh.4 86700 ‘3.1 TL2.5 0.3 39,3 0-.56108 0.9529 108.8 Tal.% C-864% 0. . -

w»
-

i
. . & 759.0 0.8672 0.6928 999,2 Bi9.8
L R Toain itiali 7es.a reane M eisis 22 358 ole130 O Teeif 1753 Cl76s d.esan 1009.2 TTIL4
3 e Bt e T 598.6 T162.3  #.3 82741 0.4 347 0-60T& 0.1718  611.6  €26.7 C.9298 0.6874 1069.2 B19.1
4 eadsd BTl ARl A e Tesia -10.2 408.5 =09 0.0 G.5683 0.6830 90Z.C SOL.5 €.9742 0.7210 1122.8 862.3
> L. 1‘565 :;:'1 Sgg't G31e3 B46.7 -11.3 350.5 ~L.0 2844 0.5483 0-6124 $47.1 941.2 0.9929 0.7292 1147.6 675.9
O i Tlraen il 0.4 €44.3 B1T.5  =2-1 33696 0.2  2B.% 05589 0.5845 9698 981.7 1.0109 0.7324 llé6.d  88O.1
8 5iall -2.825 651.8 101.3 KE7.5 626e2 4.7 315.8 0.4 26,7 0.5698 0.3843 992,77 582.7 1.028% 0.7621 L186.6 F18.8
STE37 BEA.C 737.3 BEE.T £58.4  26.1 231.9 2.2 26.6 0.554B 0.61L4 1062.3 10A7.8  1.0740 0.8D86 1244.1 9727
7 -5.B24 3. : : : . 35.4 0.6036 D.£629 1C85.6 10T0.L 1.08B1 0,0426 1263.6 1015.3
10 ~6.706 —b.615 7TCHa.0 174.1 17€6.2 699,01 33.7 333.8 2.7 . e 1397 10871
11 C7.008 ~T.557 E66.6 53,7 E66.8 105.4  -6.6 265.6 =0.4  20.5 0.5702 06244 1105.1 1092,5 1.1098 0.9005 1297, .
M TURN RHCWM—L RMCYM=7 D-FAC CMEGA<B LOSS-P P02/ REFF-p YEFF=A B'-1 Be-2  VA'-1 va'-z  PG/PG
S oithee cecher DEGREE CECREE TOTAL TOTAL  POL  TOT  TOT  OEGREE OEGREE FI/SEC FTSSEC  INLET
| mered mC.il 37.43 8292 60.11 T7.97 5.2958 0.1825 0.0325 1.5326 8.5 81.04 S4.96 2,03 -T05.5 -30.9 2.3479
3 ~di73 .28 18.02  41.07 £0.12  T3.89 0.34l6 0.2035 0.04T4 1,481 82,95 82.00 45.22  4.20 -709.3 -60.2 2.2634
3 cat68 -0.11 15.66 3T.53 €[.36  69.12 0.3691 0.2761 0.0655 1,4004 75.22 T4.01 A%S.66 6.13 -721.8 -109.3 2.162
oI350 230 wi.st 21.78 59.8L  71.10 0.3592 0.2151 D.O515 1.3595 76,39 75.35 49,25 21,47 -809.3 -299.7 2.0735
e TatBr  5ei5  b.66 15.48 55.75 6710 0.3367 0.1694 0.0394 1.3167 T1.41 7454 54,38 34,68 -912.2 -453.0 L.9467
o 2.21  €.51 6.1 14.23 3.6C  61.04 0.3295 0.1795 0.0304 1.2641 72,66 TI.T& 56.60 42,38 =958.4 -550.7 1.8415
3 U53 co60 6013 11.C1 55.06  58.27 0.3325 0,20B4 D.DAA6 L2238 65.T0 6474 56,40 45.39 -971.9 -627.1 1.802¢
i 0o92  4.73  4.41  S.5E S6.19  59.25 0.3100 0.1694 0.0407 1.2127 66,38 &5.48 56030 46,73 ~986.0 —666.9 11,8031
o —olms 1213 Q.15 5.02 SE.47  62.D4 0.30LT 0.1859 0.0641 1.2204 66.24 65,30 5€.26 47.24-1036.2 -TL&.0 1.8513
L0 -1l  1.17 -0.37  $.86 59,16  £6.22 0.2795 O.1405 0.D352 142487 T4,11 71.32 56,19 46.31-1051.9 =736,3 1.90&7
i1 1.4z 3,12 1.73 Tei 5662  be.0& 0.23TL 0.0687 0.0169 1.2600 B6.02 BE.5T 5E.94 495.39-1113.4 -827.2 1.3855
10,70 PO/PC EFF-AD EFF-F kC1/41 T02/T0)1 FG2/PO1  EFF=AD EFF-P
INLET  IMET  INLET [INLET LEP/SEC ROTOR  ROTOR
¥ x  SOFT 3 z
1.2¢43  1.$633 @0,29 B2.0& 39.21 1.1046  1.3057  TS.43 76.32
STATOR 2
RUN NO 9, SPEEL CODE B5¢ POIKT NQ 21
SL EPSI-1 EPST-2 V=1  ¥=2 WM-<1 M-2 ¥8-] ¥8-2  B-1  B-2  M-1  M=2 PO/PD T0/70 PC/PO  TC2/
CEGREE DEGREE FT/SEC F1/SEC FI1JSEC F1/SEC FTJSEC FT/SEC CEGREE DEGREE INLET INLET STAGE  Tol
1 9,017 L.076 L162,8 SE4.5 5$25.4 939.5 T05.% =218.2 3746 =13.1 0.9948 0.8000  [.824] 1.3158 1.1907 1.1473
2 8.286 L.21T 1108.2 597.4 874.9 674.0 8931 ~214.9 IB.7 =12.4 0.9491 0.8323  1.8972 1,3122  1,2388 1.1457
3 TLITE 1.Z211 105243 10204 £19.0 998.8 &&2.3 -209.D 39.2 =-11.8 {1.8099 {.E5&FE 1.95%78 1.3050 12174 1.1%1%
4 4,674 0,818 $63.9 $75.%5 BLE.0 968.0 525.7 —145.7 33.1 =08 0.6129 0.8261 1.9282 1.2622  1.2611 1.1244
5 1.82L 0.213 €%6.2 520.% 7%52.4 9Ll.& 408.8 =127.6 28.5 =8.0 0.7T192 0.7785 1.8630 1.2580  1.2536 1.1085
& Qa382 -0.174 77523 FE&9.4 6%5.8 B86l.& 351.D -1156.2 26,7 —TaT 06517 Q.7339 L.7922 L.2478 L.2275 1.0987
T =0.474 =0.3%3 4.7 £42.5 666.3 833.9 1335.3 -120.3  26.6 ~H.2 0.6245 0.7L08  1.7563 142613 1.1961 1.0935
B -1.541 =D.593  T47.3 B27.0 876.9 B18.% 316.5 =132.4 25,0 =9.7 0,6254 0.6980  1.7361 1.2365  1.1714 1.0881
9 ~4.660 —D.GB6 THE.L ES5%.5 113.9 B52.9 333.9 =67.2 25.F =4.5 06570 0.7189 1.7574 1.253%  1.1592 1.0891
L0 =5,548 =1.069 B2e.T E£84.4 75T.6 B8A83.4 334.0 —42.0 24.0 —2.7 0.6918 D.7423  1.788T 1.2619  1.1698 1.0884
11 ~b.21% =1.C90 B1l6.1 E€&.5 171.3 B66.2 266.6 =-35.4 19.1 <-2.3 0.68C6 0.7272 1.7531 1.2el0  1.1724 1l.0796
sL INCS INCM  DEV  TURK RHCYN-1 RHOWM-2 O-FAC CMEGA-B LOSS-P P02/ TEFE=A \EFF=P  YEFF=~A IEFF—P
CEGREE DEEREE DEGREE CEGREE TOTAL TOTAL PO1 TOT-INLET TOT-INLET TOY-STG TCT-STG
1 -10.8% -%9.28 =L.24% 5C.66 80,46  T3.70 0.3531 044775 0.1051 0.7746 56.21 62.43 34,58 36,14
2 =8.77 —6a75 ~—1.18 5$1.€9 T6.70 7T«82 0.3050 0.3900 0.0877 0Q.6234 64,18 67.19 43.13 44,77
3 «F. .47 =4.95 0,97 50.59 T2.06 81430 0.2460 0.26B8 0D.D&LT O.B464 6%.04 T1.786 51.0T7 52.74
& —k2.42 —B.55 1.52 41,93 73.54 B0.8% 0.1722 0.2067 0.0507 0.925T 12.04 75.38 55,00 5642
5 =18,20 ~1C.89 2034 3&.47 &9.80 17.5% 0.1131 0.18l4 0.0%81 0.9434 15.29 77432 61.32  62.51
6 —1T.66 ~L1.87 2.55 34.41 £4.21  73.26 0.0T+% 0.1536 0.0421 0.9601 21,09 15.17 60,50  61.99
7 =1T7.62 ~k1.63 1.97 24,80 &1.63 7¢.92 .0615 0.1433 0.0398 0:I9659 T2.27 The 34 56.39 5T 46
9 =19.02 -12.81  0.91 34.23 62.58 69.47 0.0661 0.1501 0.0449 0.9629 72.09 T4.14 52.31 53,35
9 —18.71 -12.01 S.67 39.59 65.50  7Ti.47 0.0613 0.1967 0.0581 0.9502 68,77 .10 48,21 49,25
10 ~20.48 ~123.60  8.06 26,69 89.65 73.69 0.0660 0.Z241 0.0662 0.3388 68.92 .31 51.66 52.6%
1l =26.60 -19.50  9.60 21.47 10.64 Ti.82 0.049L 0,2629 0.0784 0.9299 66.35 69.04 58.20  59.11
NCORR WCCGRR 10470 PO/PC EFF-AD EFF-P T02/701 POZ/POL EFF-AD
INLET  INLET INLET  TNLET  TRLET [NLET STAGE
RPM LBM/SEC : 4  § T
9C90. 154.1C 1.2443 1.8222 70.46 72.97 1.1046 10,9281 51,77
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APPENDIX C

TABLE XVI{b)

{Uniform Inlet Flow, 85 Percent Speed)

U, S, CUSTOMARY UNITS

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

ROTOR 1
RUN MD 9, SPEED CODE 85, POINT NO 12
SL EPSI1-1 EPSI-2 V-1 v-2  yH=1  WM=2  we—l  ve=2 =1 B-2 M-y LEF -1 u-2 qr-1 M-l
DEGREEZ DEGREE FT/SEC FT/SEC FT/SEC £T/S5EC £T/SEC FY/SEC DEGREE DEGREE FT/5EC FT/SEC
i le.661 18,193 487.3 928.2 G&8T7.3 537.4 0.0 756.8 0.0  S4.6 D.%449 C.B265 533.8 618.0 0.6599 0,4942
2 14.183 15,714 496.5 A91.1 496.5 Sol.d 0.0 T707.8 0,0 52.6 D.4537 0.7904  5T5.6  647.9 0.69%6 D.4B31
3 Ll.6BG L3.426 S05.4 Bel.2 505.4 547.8 0.0 467.1 0.0 50.6 0.4621 0.7635  616.T 677.8 0.7290 0.4847
4 5,954 T.666 526.1 TBl.6& 526t 535.0 0.0 56T.0 0.0  46.5 0.481% 0.6860 734.2 767.6 0.82T4 D.5039
5 0.326 1.049 S37,4 6R4.% 537.4 4BB.S 0.0 479.3 Q.0 Gbk.4 0.4928 (0.9950 BE0.A  8A7.1 0.9461 0.5533
6 =1.282 -1.612 538.9 647.3 G30.9 467.8 0.0 452.8 0.0 G4.4 D.698Z D.5604 951.3 966.9 1.0027 0.5863
T -2.226 -2.B13 539.1 6&l.8 5391  499.5 0.0 434.1 0.0 41.0 0.49%% 0.5742 986.2 976.8 1.0307 0.6400
& -31,554 -3,989 538.7 4670.9 538.7 5i9.7 0.0 424.2 0.0  39.2 0.4940 0.5823 1021.0 10068 1.0586 0.87T6
Y -8,016 -1.579 53I0.7 682.2 530.7 526.4 0.0 4360 0.0 39.5 0.4A843 0.5886 1124.9 1096.4 1.1393 0.7300
10 -9.596 -8.859 9245.5 b49%.4 525.5 531.6 D.0  448.3 0.0 40.1 0.4813 0.5961 1159.% 1126.4 1.1660 0.7410
11-11.059-10.204 519.1 6B3.9% 519.1 506.8 0.0 459.3 0.0 42,1 0.4752 0.5853 11941 11%6.2 1.E920 0.7375
SLINGS  INCM OEY TURN RHOWM=1 RHOVM=2 D=FAC CMEGA=f LOSS<P  PD2/ XEFF-P YEFF-8 B'-1 B'-2 v@'-1 vE'-2
UEGREE UEGREE NEGREE DEGREE ToraL ToraL POl 10T TAT  DEGREE DEGREE FT/SEC FT/SEC
I 1.00  5.60 13.46 41.B8& 33.82 41.97 0.48D4 0.0344 0.0073 1.6182 98.29 98.19 #7,38 -14.49 =533.8 138.8
2 1.i7 $.47 13,30 55.29 34,33 43,08 0.5116 0.03%6 Q.00T9 1.602% 98.09 91,97 #48.99 -6.30 -575.6 59.8
3 lu4% 5.55  12.65 49.33 34,81 44.30 0.5239 0,0249 0.0060 1.5954 98.47 98.39 50.45 1.12 -bl6.T =10.7
4 2,75 6.22 10.T4  33.83 35.92  44.86 D.5373 0.0425 0.0106 1.5561 96.63 96,63 54,25 20.42 -738.2 -200.4
5 4,08  &.TT  9.58  18.75 36.50  41.40 0.5242 D.1025 0.0236 1.4945 89.72 89.15 58.60 39.85 ~BB0.8 -407.9
6 4.54  6.H2  9.56  L3.58 36.58  39.42 0.5104 0.12T2 0.0275 1.4755 B6.23 E5.4B 60.47 #6.90 —951.3 =494.4
T 4.75  6.85 T7.06 13.55 36.3% 43.01 0.4860 0.0816 Q.01T9 1.50068 90.B7 90.36 61.33 4T.38 -086.2 -542.4
B 4.96 8,91 H.4l 13,91 38,57 45,05 0.4434 0.0616 D.0136 1.5185 92,90 92.49 62,17 #4B8,26~1D21.0 -582.5
§  5.68 T.1l  4.68 13.25 16415  45.T1 0.4413 0.103T7 0.022%9 1.54T5 B7.77 B7.01L 64,73 51.48-1124.9 =5562.5
10 5.93 7,22  4.B3 13.78 35.88  4b.06& (Q.44B7 Q.12T6 0.0285 1.5648 BS5.1& B4.2D 65,61 51.83=1159.5 =678.0
Il 68,15  7.30 7,53 12,61 35.55  43.62 0.4602 O.1711 0.0372 1.5546 0§0.07 7T8.62 66.48 53.87-119%.1
TO/TO  PO/PG  EFF-AD EFF-P WC1/AlL T02/701 PO2/POY  EFF-AD EFF-P
INLET  INLET  TNLET [NLET LBM/SEC ROTOR  ROTODR
4 X SOFT z 3
l.1457 1.5412 90.27 90.83 34,68 1.1457  1,5412 90.27 90.83
STATOR1
AUN ND 9, SPEED CODE B3, PDINT MO 12
54 EPSI-1 EPSI-2  v-1 V-2 VM-l yM=2  ya=1  ve-2 B- B-2 n-1 M=2 P0/PO TO/T0 PO/PO
DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC DEGREF DEGREE INLET INLET STAGE
L 18.013% 14,709 932.0 &6l5.4 565.4 616.3 T40.8 -B.6 S52.8 -0.8 0.8303 0.5291 1.5320 1.1500 1. 5320
2 154561 12,803 B9B.6 6l4.% S56F.4 bHlé.3 6595.2 9.9  50.8 0.9 D.7979 0.5280  1.5348 1.1470 1.5348
313,355 11.023 873.4 606.3 S75.4 615.9 657.1 21.6 43.8 2.0 0.7736 0.5302  1,5396 L. 1450 1.53%
% 7.T83 4.1531 T96.8 60L.B S64.% 6D1.8 562.4 5.9 44.9 D.6 D.T006 0.5L84  1.5267 1.139% 1.5267
5 1.602 0.247 TOl.B 560.0 513.4 559.9 4TA.5 =12.0 43.0 =-1.2 0.6L13 0.4813  1.4805 b.l345 1.4805
6 =1.319 -2.389 6£65.4 535.5 487.4 535.% 453.D0 -§3.1 &2.9 -1l.% 0.5T71 0.4592 1.4559 1.1374 1.4559
T -2.534 ~3.050 680,44 S6l.7 5Z3.4 561.T 4348  -3.1  39.7  -0.3 0.5915 0.4830  1.4789 1.1359 1.4769
8 -3.522 =4.307 &89.3 5E5.0 %42.3 585.0 425.6 1.9 38.2 D.2 0.5995 0.5037 1.4972 1.13712 1.4972
¥ v6.282 ~&.645 T02.8 413.0 S550.7 612.8 436.6 1B.4 38.5 i.7 D.GDTH 005253 1.5247 1.1531 1.524T
1D -7.200 ~T.406 Tlé.7 b62Zl.7 556.7 621.2 451.4  25.8  39.1 2ok D.6E79 0.5300 1,5334 1.1625 1.5334
Ll ~3.175 -8.236 707.1 585.4 534,56 585.3 462.9 ~%.B  41.0 -1.0 D.6066 0.4965  1.5002 1.1704 1.5002
5L [NCS  INCM DEV TURN RHOYM=1 RHOVM=2 D-FAC CMEGA-B LOSS-P  PD2/ ZEFF-A TEFF-P TEFF-A
DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL PO\ TOT-INLET TGT-INLET  TOT=5TG
L 0426 2.37 11,54 53.60 4$4.04 54,79 0.4955 0.1457 0.0298 0.947L B6.40 B87.17 86,40
2 -0.08 2,32 12.14 49.85 #5.07  54.88 0.4710 0.122% 0.0250 0.9581 88.56 89.20 B8.54
3 «0.71  2.08 12,38 46.82 46,21 55,24 0,448l 0.1056 0.0233 0.,9656 90,50 91.04 90,50
4 —Zal5  1.57  9.83 44.30 46463 54,09 0.4099 0.0638 0.0L%6 0.9822 92,09 92,52 92.09
S =2.5% 2,51  8.08 44.19 43.11  49.80 0.3%01 0.0386 0.0105 0.9915 86.90 87.38 Bb.90
6 =&.k1 3,50 7.9 44,30 4l.1% 47.26 0.3960 0D.0715 0£.0205 0.9855 82.44 81.32 82.4%
7 -5.06 0,82 9.07  40.07 44.66  49.83 0.3639 0.0848 O0.0248 0.9820 86.7T1 87.40 B6.71
B =6,43 -0.29 9.61 3T.99 46.57 52.04 0.3351 0.0698 0.0207 0.9849 89,09 89.67 89,09
¥ o-6.k2  D.TH 12,27 36.TT 47.32 54,17 0.3159 0,0688 D0,0215 0.9844 B83.66 B4.58 83,66
13 ~5.80 1.25 1l4.16 36,75 47.70 54,63 0.3226 0.0873 D0.02T6 0.980D2 719.95 81.10 79.95
Il «4.61 2.54 12,35 41,98 45.47 50.87 0.3882 0.E587 0.0508 0.9651 72.09 73,61 72,09
NLORR WEDRR  TOFYD  £O/PQD EFF=AD EFF-P Taz2/T01L PO2/PD1 EFF-AD
INCET  INLET INLET  INLET  IMLET INLET STAGE
REM  LBM/SEC b T .3
9CA3. 152,70 1.1457 1.5084 B5.51 B6.31 Lal457 ¢,9787 85.51
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vi-|
FT/SEC £
Ti2.8
760.2
797.3
903.2
103t.3
1093.4
1123.9
1154.4
1243.8
1273.0
1302.1

PO/ Pa

INLET
1.6182
1.6024
L.595%
L.554&3
1.4945
La4755
1.5008
1.5185
L. 5475
1.5a4%8

~696.9 1.554&

TOZ2/

fol
1.1500
<1470
1.1450
1+1395
E,1365
1.1374
t.1359
L.1372
L.1331
La1625
1.1704

TEFF-P

TOT-5TG
BT.17
89.20
.04
92.52
8r.58
B3.32
B7.40
89.67
B85%.58
gl.l0
73.61

Vi=2
T/SEC
55%.0
5447
54T.9
5T4.2
636. 4
67T.2
T37.7
T80.7
Bhb.2
B861.6
B61.7



ROTOR 2

w
=

T
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STATOR 2

w
-

-

w

—-—

- D@ SN

L= =R N S A AW S

R W

EPS]-}
DEGAREE
LL.450
10. 502
9448
5.501
~0.383
-2.961
~3.923
-4.554
-&8.T00
-T.3548
~8.222

INLCS
UEGREE
-3.08
=3.57
-3.582
=2.19
1a49
3.07
2,10
La29
0.03
~0.37
188

EPS1-1
DEGREE
B.720
7.705
G.053
4.078
1.%27
-0.260
-la231
~2a1b1
-4 .606
-5.420
—ba.i48

iNCS
UEGREE
=71
-4.58
“4a.6T
-8.5%
=lG.1l%
=10.14
=10.41
~ll.46
=ll.B%
=13.25
=19.20

EPS1-2
DEGREE
LL.06&6
9.783
B.568
2.082
0.3T0
-1.8186
-2.761
-3.608

-5.113

6,991
-B.15%

INCH
DEGREE
1.24
0.88
0.75
2.69
6.0
T4l
5.18
5.0
2.71
L.8L
3.54

EPSI-2
DEGREE
0.851
0.713
0.575
-0.1840

V-1
FT/SEC
658G.2
EB3.6
690.1
686,3
640.7
612.%
631.8
650.5
679.3
68%.4
£58.6

DEV
DEGREE
23.76
18.53
15.94
1l.42
Fa08
2.63
T.lé
4.32
0.72
1.79
&al2

V-1
FT/5EC
1051.6
1032.0
10046.8

924.8

~0.010 T76.9

-1 .04T TD4.5
-l.122 697.8
-1.1%3% T11.0
-1.295 742.1
-1.353 7151.0-
-1.21T  T26.5 -
LNCH BEV
DEGREE DEGREE
-5.45 12.75%
-2.96 11.96
-Z2.1T 10,45
-4.73 a.58
—4.89 T+48
-4.35 6.75
~4.61  8.26
-5.25 6427
=5.15 9.56
-£.37 11.21
=12.10 12.3%
NCORR WCORR
INLET INLET
RPM  LBM/SEC
9083. 152.170

) RUN NO 9, SPEED CODE 854 POINT NO L2
v=2  ¥M-]  ¥M-2  va-l1  va-2 B-1 8-2 M-1 H-2 U1 u=2 L CEY S LE
ET/SEC FV/SEC FY/5EC FT/SEC FT/5EC DEGREE DEGREE FT/SEC FT/SEC
L016.7 680.2 737.9 <-8,3 699.% =D.T 43,3 0.587T4 0.8487 708.2 142.8 0.8532 0.6171
$58.9 6&B3.6 T13.1 2.9 69%.4 0.8  44.3 0.59L% 0.8331 72843 T758.4 0.8579 0.5963
9T4.T 6B9.8 TO0Z.8B  20.9 675.% L.7  43.8 0.5980 0.812T T48.9 1Ta.6 0.8690 0.59148
895.6  686.3 T01.3 5.7 557.0 0.5  38.5 0.5940 0.7443 B813.0 826.t 0.9201 0.6259
T48.0 ¢4D.6 604.6 -12.0 440.4 =1.1  36.1 0.5546 9.6178 901.3  90C.7 0.9657 0.6276
675.3 612.3 S546.% =12.% 396.7 ~1.2 36.0 0,5286 0,5555 9hb.ék  940.5 0.9818 0.6341
668.T B3I1.B S544.4 -2.8 38A.3 -0.3  35.5 0.5466 0.5505 969.1 961.0 1.0028 0.6508
682.2 650.5 565.0 2.2 382.4 0.2 24.0 0.5634 0.5622 991.9 981.9 1.0258 0.6789
709.5 &79.1 592.6 18.7 390.3 1.6  33.3 0.5858 0.5813 106l.4 1047.0 1.0730 0.7246
T15.1 bBB.9  602.0 6.7 386.0 2,2  32.5 0.5925 0.5845 LOB4.8 1069.2 1.0855 0.T4é2
583.9 658,5 b03.4 =9.8 321.8 -0.8 27.9 0.5622 0,5571 1108.2 1092.0 L.1CTT Q.T970
TURN RHOWM~] RHOVM=2 D=FAC QMEGA-B LOSS-P P2/ BEFF-P TEFF-A B°-1 B'-2 va'-1 vg'=2
DEGREE TOTAL TOTAL PO Tor TOT  DEGREE DEGREE FT/SEC FT/SEC
43,.0% 58,64  73.67 0.4188 0.0740 0.0162 1.5722 94.44% 94,08 46,40 3.36 -Ti6.5 -%3.5
Gle67 59,07  T2.07 B.4%42 0.0785 0.0183 1.5659 93.76 43,36 464380 4,70 -TlB.% -39.0
38,42 59.68  71.96 0.4516 C.0710 D.CLle8 11,5508 94,11 93,74 &46.54  8.01 -TZ2H.0 -99.2
28.67 S9.22  T4.15 0.4261 D.0150 0.0036 1.51T13 98.5T 98.48 #9.65 20498 -807.3 -269.0
17.67 54.93 64,11 0.4337 0.0515 O0.0116 1.4309 93.76 93.46 54.%0 37.28 -913.4 -460.3
12.60 52,37 57.67 0.4301 0.0756 0.0159 1.3829 90,00 89.55 5T.éd 46.B4 -958.8 -543.7
10.55 54.38  57.62 0.4219 D.0916 0.0192 1.3610 87,30 B6.76 56.97 4b.42 -671.9 -572.7
10,02 S6.17 59.99 0.%049 0.0890 0.0191 1.3578 87,23 86,68 56,67 46.564 =489.7 =599.6
9.03 S8,7 62.48 0.3920 0.0985 0.D23L 1.3608 85.60 B4.T6 56.84 47.81-10&82.7 =656.7
B.36 58.65 63.33 0.3799 0,0858 0.0207 1.3581 56,85 B86.28 %56.83 48.46-105B.6 -683,2
7.40 55.38 63.22 0.3398 0.0376 O0.0088 1.3623 93.78 93.51 59.38 51.78~1118.0 ~T70.2
10/TG  PO/PD EFF-AD EfF-F WCL/AL TQZ/TOL PO2/POL  EFF-AD EFF-P
INLET  INMLET  INLET INLET LBM/SEC ROTOR  ROTOR
4 x  SQFT . z z
1.2753 2.1633 B88.16 A9.35 38.75 1.1165  L.4341 92.75 93.10
RUN NO 9. SPEEO CIDE 85, POINT NO L2
V-2 WM-1 V-2 -l ve-2 B~1 8-2 M=1 n-2 LT T0/70 PO/PO
FT/SEC FT/SEC FY/SEC FT/SEC FT/SEC DEGREE DEGREF INLET INLET STAGE
BOB.1 T9L.6 BO6.O 692.2 13.2 4l.4 0.9 0.8823 0.6336  2.2170 1.3181 14473
Bl4.5 764.4 Blé.4 691.%  10.1  42.4% 0.T D.8648 0.5638  2.2393 t.3153 145985
B30.9 7T50.6 B30.9 &TL.0  =5.T 42.0 -D.4% 0.843] 0.6802 2.2778 1.3092 1.4798
T9B.5 7I9.6  T9H.2 555,27 ~24.2  3T.0  =1.T7 0.7134 0.6515  2.24069 1.2867 1.4707
685.8 640.0 685.0 440.4 -33.8  34.5 -2.8 0.56435 0.5628  2.0922 1.268Q 1. 4135
615%.5 582.1 6lé.4 397.0 -37.3  346.3  -3.5 0,S81L 0.5036  2.0064 1.2606 1.3768
502.0 579.5 500.6 380.8 -4l.1 33,8 =2,9 0,5761 0.4928 1.9914 1.2563 1.3474&
614.2 598.9 &12.8 383.3 =4L.2 32.6  =3.8 0.5875 0.5033  2.0035 1.2566 1.3380
658.5 63ID.0 658.5 392.5 =6.9 32.0 -0.6 0.6100 0.5370  2.0398 12774 1.3283
b6B.& 642.8 668B.5 380.4 8.3 31.2 0.5 0.615% D.5440  2.0447 1.2845 1.3320
£34.0 6&5D.4 636.0 323.6 4.5 2645 0.6 Da5941 0.5142  1.5969 1.2852 1.33D06
TURN RHDWM-1 RHOVM-2 D-FAL CMEGA-8 L0S5-P P02/ TEFF-A LEFF=P LEFF-A
DEGREE ) TOTAL TOTAL POL TOT-INLET TOT-INLET  TOT=5TG
%0,51 77,06  &4.35 0.3792 0.2001 0.0452 ©.9201 80,10 82.17 75.98
41.71  75.44  85.85 0.3869 0.1785 0.041L 0,9307 81.97 B3.86& T7.63
42,37 75.19  88.50 D.3379 0.1299 0.0305 0.9512 85455 81.10 82.39
IR.TY V6,79 B6.53 0.2975 0.0979 0.0243 0.9&7T 90.60 91.59 0,00
37,34 66.90 T4.10 0.2894 00625 0.014T 0.9844&. BT.45 88466 89.54
37.73  60.60 £6.08 0.2992 0.0360 0.0099 0.9926 84,35 85.78 87.96
37.73  60.52 64,06 0.2091 0.0516 0O.0l44 0.9897 B4 T4 86413 83.71
36,43 62,72  66.04 D.3053 0.0702 0.0199 0.9854 85,46 86,79 82.37
32,56 65.38  69.90 D.2T15 D.OT45 0.0219 0.9835 81,30 83. 05 79.97
30.67 66.45 70,48 D.2614 0.0847 0.0251 D.9809 19.55 B81l.47 BO.TL
26a13 66,78 66,22 0.257% D.1110 ©.0331 0.9TsY Th.46 78,60 Bb.32
T™M/TD  PD/PD EFF-AD EFF=P T02/T01  PO2sPOL EFF-AD
TNLET  INLEY  INLET [DNLET STAGE
X 4 z
1.2793 2.10%% B&.72 86,21 1.1165 0.9732 85.44

SIGINAL Panpgy

OF 2ooR

Auﬁ"‘z

V-1 vi-z
FY/SEC FY/SEL
987.9 7319.2
991.6 T715.5
1002.9 109.7
L059.6 75l.l
1LLS.6 T59.%
113T.6 TT70.9
1159.2 790.2
1184.% 823.8
1244.% 884%.5
1263.0 910.8
1297.5 978.4

BOS PO

INLET
Z2.4087
2.4039
2.3878
2.3151
2.1138
2.0196
2.0146
2.0343
2.073%
2.0B&1
2.0467

foz2/

Tol
1.14860
f.1963
1.1432
1.1290
1.11586
1.1084
1.1059
1.1050
1.1082
1.1053
1.0981

JEFF-$

Tar-s1c
77.19
T8.78
43.33
90.53
90,02
8B+4T
84,37
83.06
80.TH
8l.46
84.85
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APPENDIX ¢

TABLE XVi(c)

{Uniform Inlet Flow, 85 Percent Speed)

U.S. CUSTOMARY UNITS

ROTOR 1
5L EPSE=1 EPSl-2 V=1
UDEGREE DEGREE FT/3EC
1 L&.500 18354 449.%
2 134841 10,019 459,5
3 11473 13.866 Gb68.3
4 S.616 6.108 487.9
S =0a053 la7l6 499,0
6 —2.217 -l.027 B00.1
T =34389 =2+329 499.9
B =4.TBY =340650 498.8
9 =9.132 ~T.602 #4B%9.0
10=-10.542 ~8.951 483.6
Lh=11.654=10.293 4T7.8
SL o IMCS INCH DEV
DEGREE DEGHEE DEGKREE
1 3.21 TaBl 1Ta27
H .28 Ta38 1700
3 3.50Q Tabl lbas0
* 472 8,19 12.09
5 5a91 Ba 59 9217
& 632 Ba &0 TuST
T 653 Ba 43 5.08
-] B T4 .70 34890
5 Tuda 8.91 3.53
10 T.70 8499 a4
11 1.85 S.00 G411
STATOR 1
5L EPSI-L EPSI-2 V=i
DEGREE DEGREE FT/SEL
1 180347 15.111 876.7
2 16a195 LA.564 M5,9
3 14,200 12,023 8l6.4
* B.939 TabdB Tal.2
S 2.914 2,194 98,0
6 Oulsl =Ge304 683.1
T -1.081 -1.400 A99.8
8 =2,192 =2.405% 707.%
9 =5.350 -5.495 T20.e
10 —bo449 =6.369 T32.4
11 =7.713 -T.8l0 7i5.9
St INCS INCH OEY
ODEGREE DEGR EE DEGREE
1 Qb2 2.53 1.3
2 Qead Za8h 1d.21
3 .52 330 1l.47
- 139 S.11 Bals
5 1.1% ba20 dad2
& 1.58 120 b Th
T =Q0e35 5,53 9402
4 ~i.13 3.0L Gab5
-9 De43 T4l L0.83
10 1.75 8«80 12.78&
11 4021 1le36 10,90
NCGRR WLCORR
INLET INLEY
APM  LBM/SEC
9072 143440

144

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

KUk N 9. SPEED CGLE B85, POLNT NU 33
¥-2 ¥l ¥M=2 V8=l  Ve=2 B-1 B-2 H=1 n-z u=1 u-2 Wémi  Mbel wlel  ¥Yep
FT/SEC FT/56C FT/SEC FY/SEC FT/SEC DEGREE DEGREE FT/SEL  FT/SEC FT/SEC FTZSEC
B75.3 #49.9 507.8 0.0 Ti2.9 - 5400 0ah096 QeTTTC 5330l  61Tez De635L Q4587 £9T.7 Sha.d
Belek #59.5 5087 Qs 6782 LoD 5248 Qohhbb 0aT442 57449  o4Tel 0.6705 Cat50% Tibel 509.2
BU9:6 468.3 503.4 Oult G34al Qe Slet 0u#269 04TL3IT 61529 6770 07053 0. %453 773.T 54542
750.3 487.% 483.8 0,0 573.5 Dal #9949 Qa4455 Q0ub550 73303 Tobet 0uB0k 0e4552 80808 520.%
4B4.§  #99.0 #58.3 Qa0 509.1 Ol #B40 04560 055933 87947 8680 09243 0.5540 al0lhed 5934
T0.¢ 50041 #49.T 0.0 491.3 0.0 4T7.9 04571 C.5782 9302 945,68 D:980% 05476 1073.T7 6£34.9
BES.L  439.% 4T9%.7 Qe 48942 OeD %56 D0oa54% 05911  985.0  9T5a% 10095 Ge589% 11045 48341
6927 4988 493.9 0.0 485.8 el 4445 00%338 05971 10157 1005.5 1.03T4 0.6180 1135.2 T17.0
Ta3a2d 489.0 48642 0.0 508.0 Qa0 4642 Dad465 0.0008 112345 109541 1ell86 000512 12253 T62.i
Ti3aT A8t 4T78.8 0.0 529.2 De@  4Te8 Ootaléd Cat069 1198l 1125.0 161455 040500 125520 Tohed
6958 ATTeB  #3ba2 Qat 54201 Qa0  Slel Ou#359 0.5881 119Z2u6 1L56a8 Le1721 Du6357 LEiB4el T5ial
TURN RHOVM~1 RHOYM=2 O=FAC OMEGA~B LOS5=P  PO2/ XEFF-P R%EFF-A B'-1  B'-2 v@'-l va'-g PO/PD
DEGREE TOTAL TOTAL rox 07 TOT  CEGREE DEGREE FV/SEC FT/SEC INLET
60s28 3IlabB  41a23 045021=04 0842 —0,0139 Lu6llZ 103414 103,37 49259 -10.69 =533.2  95.7 LlubllZ
53470 32.24 41495 Gu5321-0a0493 =0.0L03 L.397% 102459 10290 51lel0 =2.60 -5Th9 43e1l L5978
47063 32,75 42400 0a5549=04 0257 —0,0061 13822 101455 10ketn? 52450  4oB87 =6L5.9 =42.9 L.5822
Juhs 33,85 4130 Cu5882 040391 0uDO0ST L5657 97,06 PbeBb 56,23 2)a I7 ~733.3 »193.2 Lu5057
20e %8 34.45 39,75 CuSfbé Du0961 0.0223 145393 Shald 90462 60.43 %44 =079.7 =277.0 15393
17034 34,53 39417 05559 OuiZ49 O0,0280 L.%%14 8T.687 87al3 62025 44Tl -950.2 -448.3  Lu54L4
1TeTl 34451 wiaOb 025252 041023 000233 15655 89,83 8919 6301l 45.40 -98%5.0 ~4Bbed 1l.5655
1T.51 34,43 #3243 05103 0420010 040229 1.5408 £9.85 8919 65490 #Lad5i=10Ll9.7 =519.7 l.5800
lba2 3391 42455 0a52%3 0alT15 O0.0388 11,6056 82.3% Bll8 86,53 S0.32-11230.5 =587.0 1.00508
16.24 33482 #1ubY UaS424 022088 OCa04T4 1a6200 784683 T7.38 6T238 5lelé—1158.1 -595.7 l.4200
13,73 33.29 3TebB Uu%685 Da 2595 0.0550 1.0012 Tiehd ThaOt S8al9 Skhett=1l92.46 =802.T 106032
TO/T0 PO/PQ  EFF-AD EFF~P WCL/AL T42sTal  POZ/POL EFF-AD EFF=P
INLET  INLET  IMLET INLET LBW/SEC AOTOR  ROTOR
: § X SQFT ] 3
1.15786 13780 88.30 29.00 32.62 Lel878 1.5740 BB.30 &9.00
RUN KO 9, SPEED COGE 85+ POLNT NO 33
V=2 VA=l VM- V8=l  v8=2 B=1 B2 »-1 M2 POSPO T/ TG PUSPL  TL2/
FT/SEC FI/SEC FT/SEC FT/SEC FT/BEC DEGREE DEGREE INLET INLET STake  Tul
5350eT S5046 550.6 69Te® =029 5340 =laD Q7784 0.4719 1.5315 lel4ls 445305 del%ad
550.0 53l.1 549.9 65044 9.5 513 LoD 0uT74BB 0uh717 145369 14383 Le538%  Lai393
Shbe S 525.7 Shbak  b2ke& 103 5040 Lol QaT202 Qu4b89 1lu5385 Llel3?Y L5385y 1a1377
526e% 505.9 Sih.B 56Be8 ~10e3  40e4  =~Lul 0u6060 0.4507  1.5281 leinll bebibl  lai®l0
Siled 479.5 51le3 508e1 =9.6  45a7  ~lel Qa6DoQ Du#363 15172 lelbkd LeB1T2  suiben
505,% ATQeT 505.3 497.9 -—23a1  &8a8  —isb 0.5917 0.4302  l.5032 le1507 L5132 11507
53Le2 #99.5 831.2 49020 3.4 44e5  =Ouk 0e6047 0u43522  LaSMb l.1528 L5346 1el528
Shba8 5138 5456.8 $87.0 2al 43,5 Oui QubllZ Dedb3d 15493 LelS60 le5%%2 1wlhed
S63.6 508e6 S63.0 S10.% 2.8 45.1 03 QubhbE Qa4T58 145702 1177 15702 1.1771
S64e1 503.0 S&4.0 532.4 96 4607 LoD Q006242 Du4T35  Lle%T22 1.4900 LaSTi2 14900
5375 #8246 537,1 S46e3 =22a5 4.l ~2.k 0.0063 0.44BZ  1.5515 1.2008 Le551l5  1.2008
TURN  RHOVM~1 RHOVM=2 O-FAC OMEGA=B LOSS~F  PD2/ KEFF-A AEFF-P AeFf=d  RLFF-F
DEGREE TOTAL  TOTAL PO TGT=IRLET  TOUT=INLET  TOT=3TG FUT=570
S4.00 %3.04 50.67 025306 0,502 0.03G7 0.9503 9ie6? G2al% SletT Fiwith
50429 #3.46T  5Q.87 03074 Du1235 0u0262 Du9615 $3.80 Ja.dk 93,60  Thaie
48,97 #3468  S0.74 D.HULT 0aDR52 0.,0210 0.5721 95,09 95436 9505 95436
4951 42492  40aB4 0a49L2 040945 00,0231 0,975 Iiedh ki LIYEL 19T ¥
AT.T5  41.31 4Ta21 0a#897 QuO855 0,017% 09856 6Ts02 Y6.30 80 88«30
49:22 40489 46040 DeATEO 0a0T93 L0227 Q.9833 83.35 ka2 ¥ H3.35  Bhai¥
84,82 43,47 48,92 Du4458 040837 0.0244 0.9817 BS.LT 86402 5417 Bb.02
4325 4485 50,40 0.4304 Qw0859 0,0255 0.9809 E5.41 Bba26 BSawl  Bobeld
44a88 44,11 SLaAT Qut36T Cadle 0.0286 0.9792 T1a69 19404 TTat9 79,04
4% 71 43438 51.06 0a4382 On13l4 (0416 0.9b95 Tiabd The27 Téabl  Theel
5225 39.56 48,09 045065 Del4TS 0.0472 09675 ©6455 68,51 b6a55 bdeS51
TO/TG  POSPO  EFF—AD  EFE=P TO2/T0L  PRAPOL EFF=AD
INLET  IMLET  INLET IWLET STAGE
3 ] ]
1.1576 1.5398 @3.16 B&.22 121578 0.9758 83.26



ROTOR 2

&UN NG 9, SPEEG [UDE 85, PGINT hu 33
SL EPSI=1 EPSI=2 V=1 V=2 VM1 L1, o3 Yé-1 =2 B=1 B=a M= N=g =i U-2 M-l Hi=] V"fl vi-g
DEGREE DEGWEE FT/SEC FV/SEC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE LEGREE FT/SEC FT/SEC 3 Fl!St:(_. F:ISEF
1 1ka733 11,054 58D.9 567aZ 580a8 5% .9 =100 b2at =50 Sha¥ Qah9%1 QaT99T TAT4 T4la9 0uT930 Qat¥iz 923.0 595,3
2 11060 9,850 S86.6 9550 SHe.8 382.9 2 TSeuk O3 32,3 03049 OuT69s 124 T5Tek 07975 Duddcl seler t6Zed
3 10.211 B.oT8 590.4 94041 59043 59646 LCw% T26a.b& l.l 505 0.5085 0.7760Q LY .t . 3 Qewu52 . .
& bebl2 Seled 5873 BS54e5 5872 608.T7 ~h0.1 599.7 —La dd ot 05049 0aTO2O Hl2e O HZ5+0 Dabbbo Qu53a4 16103 649,10
5 kelSZ2 0a81L S5T6a0 T39.0 5T5.% 530.% Qa4 Slé.5 =09 dhol Q4940 06027 9002 8996 Da9233 Qa5i%d alTbeb  635,5
& =1.217 =15163 570.5 68600 570.0 5kéal -22-8 #56ad  =2a3  41.% 04876 0.5570 94502 939.3 0,960z 0.5740 lidded Tuh®
T =2.282 -2,07T8 59241 66let 591s1 509.4 —4x3 &5Z.% “Qu¥ 4l.t 0u5068 0.5533 967.5 959.? 0.:;:5 Oosg:'; Ll!g-? ;t?-g
B =3a1lTh -2.339 8079 66850 &0Ta® 52leb 1a9  444.9 Qa2 400k Qu3200 0,5564 950.7 k1118 0e 999 Qs 1h0Q. -
B =5, 820 =S.846 4344 6T8,3 b3k 5455 et #35.8 Qe 3845 045389 UsS0lS 108Gel  i0%5.7 1.0AT5 Deb560 L23342 Bloe3
10 =8, 746 =~ba6Td oh0ad TOS5.6 640,535 5Seld.0 Llad #29.4 1.0 37+3 QaS4le Ju5655 108344 106Te5 L.055& Q6806 LE49.0 H49.3
1l =Ta238 ~Ballt #2003 0847 6199 5Tled =2245 377.5 —~2=1 3343 0a5206 Da54b1 L1DbeB 1090et is08lc QeTib7 LebBai  F13.7
SL INLS INLH GEV TURM RAOYM=1 RHOVM-2 O=FAC OMEGA~B LOSS-F POZS XEFF-P RcFF-~A B'-1 Br=-2 Va'=1 YB'=g PGS PO
DEGREE UEGREE DEGREE OEGREE TuTalL TOTaAL POl ¥aT T07 QEGREE OELREE FTFSEL FT/SEL INLET
L leAT  5a78 168,42 52,92 52.78 6138 0.5504 Gal987 0.0453 1.5772 67«00 B6ei5 50.9% =-1.98 ~TiT.3  20.6 2.4151
Z .84 5«26 13.92 50,66 53445 &L o07 0,5632 041TB3 0.0417 1.5800 B8B.L5 87.37 50.76 Q.10 ~Thtsa =la 244217
3 1.0l 5259 12,02  46.8T 53,82 63,56 0s5487 051360 0.0325 L5835 90.57 89495 51037 4.4 -T37.1 =4le0 244370
4 2,78 To37 10.75 34,22 53a1l 86476 0u5134 Cu0708 0.0L7L 1.5488 94a0f 93469 54,53 20431 —022.s -iZ5.3 2.3b42
5 4220 8. T7 TeTé 21288 5] oBé 58.95% 0.5289 01022 0.023%5 1.478L B89.83 8%.27 57467 235,98 =90%.6 =3835.1 2.2427
[ S.1% 9. 45 Ts10 18417 S5lalw 57220 0.%955 De 0958 0u0207 Le4a58 BP.3T7 88,81 55,48 433l -968.0 -4B5sz 241800
T 3aTé  TeB2  Ba85 13,81 5316 56.B7 0.4905 OalOL6 0.0220 L1.A302 BB.2T 67467 56461 44eBlL -07Z41 ~504.9 2.1948
B 297 6. 78 3.37 lisbt 54,80 5H.4% 0.4738 0.0947 0.0207 Lla4253 88.806 B6:08 56436 45:09 =988,8 =535,8 242048
§ 210  4a¥8  0u9% 10,88 56.2l  60.Th 0,4363 0bL021 0,038 1e4272 8Te0F Bbe43 58,51 #B.03-1057.5 -609.5 Z2.23%%
}3+] 180 3.98 La80 1042 S&.18 62alt 0a®3I9B D.0705F 0.0185 Lu#340 90.03 689,52 59.00 48.58-1072.2 =638eD 2.2552
11 3.59 5.28 Setd Fa%5 53.88 53,04 D.4043 0. 0400 0.009T 1a%385 436 T80T 61,20 Slei5=112%9.3 =T13.1 2+2324
TS0 PG/PO0  EFF-AD EFF-P WClFAL Tozsiol POZAPOL EFF=AQ EFF=P
INMLET  IMLET  IMLET INLET LBM/SEC ROTOR  AOTOR
x 1 SQFT ] 3
1.3092 2.2803 BS5.59 B7.23 38.88 11309  1.4808%  90.27 90,78
STATOR 2
SUEPSI-L EPSI=2 V-l  ¥e2  wM-1  whez  veoL _ ~ ) RUN WO 9, SPEEG [GDE 85, POINT MU 33
 DEGREE GEGREE FI/SEC FI/SEC FI/SGC FI/SEC FI/SEC Flssec DEGRie Cenie ¢ epe  JUTo o pores oy
W75 Q. 8846 81,7 038.3 651e6  T55.0 128 5040 1ol DeBl9T 0521 is
2 Telk2 0.593 975,86 668.2 624al 688,1 TE9.E  11.2  S0ek LoD 0.0089 0,83 242831 1.3248 14911 l.is0?
3 ei0be D.3de WOl 6901 336 seet serry 318 20:d 1.0 0uo08s a.sase  Zusloe 103212 145046 141593
4 3e6e 01383 UT3.8 seed 631709 setes SeFis -tone  aich _0e2 D-T3ee g.sggz 2.3482 443153 i.Scal  leu558
5 0io2T C1.03% 15001 57003 330ce yeee e csare At cladoaTail 03350 2lsiiy 13023 Labies  ieied?
6 =Du839 -1.223 T07e3 5394 S42.1 53604 45403 —33.% 350 -3-5 0.5154 0- g 2 Zekl3o 1.2951 le®50i  ial3i0
T -1.645 «1.258  7T03.5 53T.0 537.7 53648 453.6 -12.9  AOu1  -ioa 0-8727 onesry Celedd £.2538  dewdZs a1250
6 -2.459 -1.273 T08.i BAB.8 S550.1 SAboB A45.9  ~Zob  39.0  ~0-3 poares oeoall o Z.ledl 1e2935  ia#130 1.lies
3T Ci30s T2eel 5ana 3703 senie aiars I 30 0.3 0u8759 Cudddl  aiTal Li945  L.wCas  Lal2dé
10 +5.540 1,300 T37.0 60la7 597ai 60Let A31o9 17,8 3500 107 o592 moajes Lobiis Le320l  4a4008 laiziz
1L -64206 -1l.22 oF 025322 04780 242050 143309 los04b  LeiZod
b 7223 590.0 6145 590.8 3798 RaT 31,8 0.9 0.5780 0.46T8  2.189 133682 lewilil 4ali5l
SL  INLCS INCH DEV TURN RHOVM-1 " #HQYM-2 D-FA - bt 3
OEGREE DEGREE OEGREE DEGREE C AL Tore 55 IOreimEr forrRoP MEFEea  gEEE-P
L La59 3015 12,94 - 48,92 64a92  T5.2% 0.5099 OMI3ZE 0a0345 0,945¢ 8L.cy Chanee | TOI-sTo TOT-STL
2 3.00 3,02 12421 4946 64450 77471 0.4890 01360 0.0313 Q.9833 83,95 e Thewh 18,27
32118 463 11e0L 4887 seces  Wiois oremyy Del360 0313 0.932i e, 85.70 TTe36  Thaa)
& =240  1a4T  9u18 44,30 69418 TB.44 D.4189 040727 o:oua u.wse ag.:: Sy Seln 82007
s 3017 4438 4035 SL.4T 67062 0.4437 0066l O.OL76 0.9848 e6ale s teaiy b
. . 347 39,72 62.93 . -
1 K288 6179 41.50 S%ies 62070 0.6237 0-0956 Oroter ovmay Saaei I oy Seewd
H LTl a0 3027 Glots  eevig eitiil Ca03% C.0iel c.esy s2.51 B5. 54 6% bSe4T
s Qo0 10.60 36,73 63.63  66.9% 0.3704 0uQ908 D.0266 0.9812 18002 tois 4-53 Bh.2e
10 =8s50 -1.63 12,46  34u27 65,33 6826 0,3550 0w 0S8L 0,0290 D.9793 16200 Joutz siebl  b2eae
11 -13.82 ~6.82 1287 0.8 6667 85,43 0.3347 00913 Qu0273  O.3518 Tea02 Teent foats  bored
NCORR  WCONR TO/TQ  PO/PD -
INET  INET IALET  INLET thaey ey Tot/raL Azt epecad
ARM  LBH/SEC s 1 o
9072, 143,60 1.3092 2.2323 03.22 £4.98 11309 0.97%0 85412
ORIGINAL PAGE 1B 145
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APPENDIXC

TABLE XVi{d)

{Uniform Inlet Flow, 85 Percent Speed}

U, 5. CUSTOMARY UNITS

ROTOR 1
S kFSI-1 EPSI-2 ¥l V-2
UEGkEE UEGKEE FY/SCC FT/S5EC F
L dbenlS LlA.328 423.4 £874.3
2 l4.0%e le.0C0a #32.2 837.8
3 LhaTT5 L3.B50 440,46 809.0
4 5.808 8.117 §80.0 757.%
5 0.1T9 1.782 #70.6 &)4.2
o -L.947 -0.915 472.0 472.¢
T ~3e25% ~2.241 471.5 ¢83.1
4 ~%.7T62 -3,58C #70.9 EEL.S
9 -%.3hi -Ta26 480.8 T702.2
10 1lU.To% -8.588 455.5 TQT.8
li-1le764-10.318 450.0 &98.1
<L sNls INCH DEV TuRN
UEGKEE OECREE DEGREE DEGREE
i 5012 .13 13,89 €577
2 Bely  G.4% 1l4.50  S8.Ll
3 Se 3t S.48 L4, T4 Sla 07
4 ba4é  §.91 10.93  37.33
b Tewd L10.17 10.58 Z2iald
Bl T.89 1C.08 T.5¢ 18.41
i {97 10.08  5.69  L8.56
4 Helo 10411 4,58  LT.94
bl Qa0 1Q.28 ha2b l&. 83
iy 9.0 1lG.32 S.¢82 | 129 14
1L Yel4 10.30  §.32  i3.8I
10470
INLET
la Lt 44
STATOR 1
ab EPS]-L EPSI-Z ¥-1 -2
GEGREE DEGREE FT/SEC FT/SEC
L 18.244 15.027 873.C 3509.3
£ 164012 134396 B39.5 S505.¢
3 L4-0Ud LL.BAS  B13,3  504.4
% B.90H T.547 Tb6.3 498.1
5 24983 24183 GET.L  As4.)
B 0.23d “0.295 585.5 48%5.4
T -02960 -1.371 &98.4 505.1
B -2.00u -2.380 699.7 f1é.5
9 =5.028 ~S«%04 T1B.4% S3).5
W ~balbb -a.5317 T35.3 935.4
L -7.541 -T.7719 Tit.t6 %21.%
3k INCSH iNCH OEY TURM
CEGhEt UEGAEE DEGREE OEGREE
1 3.68 5.79 1191 Gé. 85
<4 3.5 591 1l2.50 22.48
3 3.05% J.82 M3.48 4%5.51
& EFL Y] T=19 11.80 AT, 9%
L] 471 9.14 V.94 11.38
-] 3.64 9.2% B.62 4%.40
T la33 Tedt 4.80 45,1711
] [P &.81T IL,14 43.58
9 288 9,76 12.71 48,32
[0 Fa23 12427 14.58 AT.346
1i Toli 14.86 13.71 52.913
NCGRR MCORR TO/TOD
EINLET  INLET [NLEY
APM  |LBM/SEC
130, 136.80 L.lédd
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RUM NO 9y SPEED COOE 85, POINT NO &
WH-1  vM-2  ve-1  vg-2 e-1 B-2 -1 H-2 U1 u-2 MYl M-
T/5EC FU/SEC FY/SEC FT/SEC CEGAEE DEGREE FT/SEC Fi/SEC
42304 hb6.2 0.0 139.6 0.0 5708 Q.3847 G.T73¢  536.&  621.2 C.6210 0-4254
432,2 470.0 0.0 93.2 0.0 55.9 0.3929 C.7384  578.8  65L.3 0.6566 Q.4lew
44086 475.1 Qul 654.7 Da Skl 0.4009 C.TikZ  419.5 681.3 C.b5L9 0.4183
460.0 #6841 0.0 595.9 D0 51.8 04190 C.6605  738.€ TTLa6 (7922 0.4361
470,06 419.5 0.0 529.0 0.0  Slat 04295 0.5824 BBES.4  §91.8 C.9l42 0.4784
412.0 433.95 0.0 5l4.3 0.0 49,9 0.4305 0.5786 §%6.3  §51.9 0.9725 0.5298
471.9 461.B 4.0 S5Cl.& 0.0 47.Z 0.4303 0.587T9  991.3  $81.9 1.0052 0.5747
470.9 473.8 0-0  495.9 Qe 4.3 D.4294 0.585¢ 1026.3 16l2.0 1.90296 0.6023
440.8 #4349 0.0 527.2 Q.0  %B.5 0.4199 C.59T8 1130.8 1302.2 1.1E25 C.6289
45%.5 #4l.Z 0.0 5%3.4 Q.0  5kah 04149 0.5989 LleS.6 1132.2 1.1397 0.6158
45C.0  403.3 00 5698 0.0 546 04054 0.58T71 1200.4 L1e2.3 1.1670 0.6028
RKOWM- | RHCYM-2 D~FAC CWEGA-8 LOSS-P  PO2f XEFF-P ZEFF-A B8*1 B'-2 W¥B'-L WvE'-2
TOTAL TOTAL P01 10T TO0T  DEGREE DEGREE FT/SEC FT/SEC
30.10  37.&l 0.5526 0.0358 0.0076& L.4060 98.37 $8.28 S51.50 - 14,27 ~536.6 118.4
30,63 38,60 0.581l5 0.0341 0.0078 1.5328 98.2% 9E.15 5§3.0F =-5.10 -578.6  41.9
3l.14 39,61 0.5913 D.0D2¥2 0.008% L1.58%9 98.45 98.34 94,38 3,21 -619.5 -26.8
32,27 40,18 9.6130 0.0568 Q.0142 |.5876 93%.58 95.73 57.95 20.41 -738.C —1To.d
37.88 36.42 0.5070 Q.1308 0,0297 1,5483 08,40 67.89 61,00 40.85 -865.4 —3é2.4
32,94 38.1T 0.57%9 0.13L% 4.02%3 L.5867 67.88 87.11 6294 45.26 ~956.2 -437.¢6
32,95 4hel5 05396 0.1047 040236 1.5881 90.02 89.37 44,56 4£.00 -991.3 -480.3
32.09  4Z.18 0.5250 0.1046 040235 1.5988 09.77 05.05 65428 4To44-1026.3 -5lb.1
32,32  41.02 0.5475 0.1852 0.0413 1.6303 8h.69 A0.41 &7.89 91.06-1130.8 -5714.9
32,00 38.T2 G.ST72 942361 0.0519 16389 T7.05 TH.43 48.71 52.62-1165.46 -578.8
31.68  35.14 0.4000 0.2827 ©0.0588 146322 72.40 70468 69,48 55.66- 120044 -592.5
PO/PO  EFF-AD EFF=P wWCL/ AL TO2/T01 PGI/PO)  EFF-AD EFF-P
INLET INLET IHNLET LBM/SEC ROTOR  ROIOR
1 1 S4FT 1 %
19951 £6.75 87.61 31.07 l.l644  1.3%41 8e.15  A7.61
RUN WO %, SPEED CUDE 85, PLINT NG 4
WA=l  wm-2  ve-l  ve-2 8-1 B-2 N-1 LE¥] PG/PQ TA/16 PO/PG
FT/SEC FT/SEC FT/SEC FT/SEC DEGREE CEGREE INLET INLET STAGE
4877 505e3 T2%.1  -3.8  S6,2  -0.% 0.TT72) 0.43C3  1,53C2 1.1415 L.5302
45C. 9 505.4 681.0 14.9  54.4 da? Q.T403 §.4311 1.5351 1.1450 1. 5351
455.4  503.6 645.C 2T.1 52.6 3.1 Q.7154 0.%304  1.5376 1.1422 145376
86,1 497.6 590.7 22.1 50.5 2.5 0.6688 O.4240 1.831% 11473 15375
439.7 484.0 328.0 -1lle.l 30G.2 -l.4 D.5934 0.3535  1,51%2 1.1510 la51562
492.8  48%.4  S514.T 6.3 48.7  -0.7 D.5904 0.4111 1.933c 1.1567 1.5320
4E2.2 505.1 502.5 3ubh 4bBe2 D.4% 0.6002 0.42081  l.5488 1.1578 L.%4as
45245 S51b.3 497.0  L5.4 45,3 1.7 0.8024 0.4378  1.599¢ 1.16G1 L. 5598
485.6 53kl 529.5 20.2  &t.% 2.2 Qab127 Qu4462  1.5789 1.1837 1.5789
We8. L 534,7 SS6.6  26.2 50.2 248 0.6149 0.4467  1.5841 1.1588 L+ G584l
4%28.8 S2k.5 5T4.2 3.6 53,3 0.4 0.56039 0.4321  1.5748 1.2124 1.5746
RHOVM-1 RMENM-2 O-FAC CNEGA=B LOSS-P  PO2/ TEFF-4 AEFE-P 1EFF-A
TOTAL TOTAL POl TOT-[NLET TOY-TNLET [CT-5T5
39.38 47.09 0.5847 Doléd9 00,0206 0.9%27 B7.62 88,32 a7.62
0,26 47.30 0.5601 0.1189 0.02%52 U.9437 89,86 F0.43 89, 86
41.20  47.30 (.5421 D.1052 0.0232 0.9698 91,31 §l.E& 9,37
4L.89 44,69 0.5287 €.1233 0.0301 0,919 88.75 85,39 88. 15
38.1% 43,78 0.5379 0.0987 0.02T0 0Q.97490 83.50 G441 B3,50
39,61 45.24 0.%086 0.0992 0.028% 0.9792 B2.70 £3.68 82. 70
42.49 4721 044830 0.1067 0.0312 0.9 04,21 85.23 4.3
43.53 48,31 0.%654 0.1074 0,0319 0,977 B4.53 85.45 84,53
42,59 A0.14 04793 C. 1391 0.0420 0.9698 75.84 717,33 75.86
40.45 4900 Q. 4946 0.1510 D.0ATB  0,9658 1606 1241 0. 46
17,02 4T.26 0.5309 0.1622 O0.0S20 D.9645 85.18 67.28 65416
PG/P0 EFF-AD EFF-P Toz/101  POZ/POL EFF~AL
EMLEY  IMLET INLEY STASE
2 x ]
1. 39487 80.93 82.07 L0664 0.9709 86,95

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

¥i-l
FT/SEC
483.5
T22.2
16045
869.56
1Go2.7
1066.5
1097,9
1i29.2
1221.1
1251.4
1281.9

¥

FI/SEC

481.0
4719
4T75.9
506, 1
334,86
sis.0
667, 7
100.6
738.8
T2T.8
Tl T

PL/FC

IhLET
L+b0080
1.5928
L.5859
E.58T7a
1.5485
L.5607
1.5881
1.5988
1.463C3

l.6389
l.0322

Teze

161
L.147%
L1459
l.1432
Lada?s
L.1510
l.1587
L.1578
l.1&0%
l.1837
1.1988
1.2124

AEFF-F
TLT~8T6
88.32
Qut s
Sl.86
49.35
4,41
43.468
85.23
85445
TT.33
2441
6T.z28



AQTOR 2

Se SPECLL CUDE 85, PLINT NO &

W2 Mi-1
T/SEC

T4b.7  C.T7630
Te2+3 0.76832
T18.6 C.T7817
830.4 Ca.8251
90%5.4  (.8990
545.4 10,9359
966.0  0.9535
987.1  G.9412
Q52.4 1.0173
07428 1.C279
097.7  L.L5L%

Br-2 Vo '-i

"

Gea?77
DakB35
C.at0?
N.4882
C.5L50
Ca 5424
U. 5554
GeSb3L
C. 6165
Qebih2e
G.5928

ya'-2

CEGREE DEGREE FT/SEC FI/SSEC

~Q.80 -715.8 8.2

C.58 ~TL7.4

9.7

%232 -TZ6.2 -43.1
19.32 -719%.2 ~197.1

34,18 ~9l6a?
42.88 ~95T.7
43.89 -57G.9
h4.606 -9B2.1
46, 13=-104b. 5
47.51-1084,.2
50.15-1109.%

EFF-¢

RUTOR
1

2811

~-38G.0
-4%4.9
-477.0
~491.0
58249
-600.4
-672.9

Se SPEED CODE 85e PLIAT NO 4

- RUN NO
SL EPSI-L EPS1-2 V-1 2 -1 V-2 vo-1 vi-2 - B-2 H-1 N-2Z w1
LEGREC DEGREE FT/SEC FT/SEC FT/SEC FV/SEC FT/SEC FT/SEC CEGREE DEGREE FT/SEC F
L ELla®37 11.0%5 535.4 S50.8 535.4 57%8 =3.9 Ti%.9 ~Oe% 5242 0.4570 Q.784] Ml.9
2 102897 F.TTL 540.9 93%.7 540.7 5H62.86 1%.2  T52.7 1.5 53.1 J.4624 G.T740 132.14
3 %.979 B.549  Sh4.8 $30.1 5442 S89.2 2.6 T35.5 2.8 522 0ak&43 0.1669 152.8
4 6.295 5.028 550.0 EAL.0 I4%.8 S6l.9 2Z.0 0633.3 2.3 40.4 0.4T700 G.6942 817.2
5 laUT? 0.725% 923.9 111.2 9523.7 5¢8.5% -10.7 525.4 ~le2 45.9 0.4400 0.5932 9Ce. L
& —lad¥4 -L.321 S42.2 &£55.6 f42.2 493.2 —&b.4 450.3 4.7 44.8 OQuhb1ll 0.5623 S51.3
T ~244236 «2.254 539,71 &45.8 599.6 495.0 3.2 489.0 Q.3 Aba.t Q.67E4 0.9822 574.1
34 -3.324 -3.103 ST1.e T01l.2 57L& 495.4 3.0 496.1 1.5 45.0 Q4806 Qu540¢C 5.1
9 -5.883 -5.720 597.4 T19.3 5%7.2 527.0 Z0.4% 489.¢& 1.9 42.7 0.5045 0,5791 1€e7.0 1
10 -6.85% ~6.768 606.7 TLB.Z2 606.1 539.2 2622 4Th.5 2.5 4l.2 09092 0.5718 1090.4 1
Ll =8.028 -8.10k 599.0 7TOl.l 389.0 557.8 bel 4247 Qa& A7.1 J.49%4 D.55%7 11l4.0 1
ETRRNT, [ inNCH DEV TURN  HHGVM-1 AHOYR-Z O-FAC CMEGA-B LOSS-F P02/ TEFF-P ZEFF-A @3'-1
DEGREE DEGREE DEGREE DEGREE ToraL YovaL PO 1 TOoT Tar
1 3.0t 7298 15,40 53.94 4%.2% 60.01 0-5494 0.1981L 0.D452 1.5704 87.60 €b.8C 53.15%
& 3.05 1.50 l4.80 52.02 49,93 59.95 C.569% Q.1875 0.0423 [.5727 88.11 £#1.331 53.400
3 2.8% Te4l 11.8% 48.41 50.33 50474 0.5609 001421 0.0339 1.5817 9¢.73 6f0.12 $3.19
4 3.5 8.45 S T4 36.08 3Ca58 61.54 0. 5479 0.L00T 0.0245% 1.5355 92.14 91.85 55,41
El B.79 LLa.37 Ea59 23,49 AT.04 5831 Ou5425 0.1264 0.0287 1.4797 B8.09 £i.43 s0.26
.3 009 L1C.43 645 1T.81L 49.48 S48l 0.5236 Q.13066 D.02198 1.44% 65.79 B3.04 60.48
7 5243 F.21 4.563 lé.11 5l.21 55,21 Q.5178 0.1%39 0.0316 1.4374 84,58 03,70 640.CC
[ %.317 .18 a4 1%9-09 32,32 $5.40 Q.5177 0.1503 0.0335 1.4374 83.71 #2.8T 56.15
9 3.3¢0 6.0 ~0.36 k3,43 53.82 58263 04933 0,1381 00,0330 1.4498 84.2T7 83.4% &0.17
Y] 300 5.18 1.22 12.29 33.19 59.7T6 C.4T19 0.1103 0.027) l.4482 86,81 Be.il &L.20
11 4ad9 570 4y 84 1132 %2.8% &1.55 0.4297 D0.067T9 0.016% 1.4441 91.32 90.86 61.3%1
tasta POSPO EFF-AQ0 EFF-P wWll/ 4l TQZ/TAL PC2/PQ] EFF-AD
IMLET INLET INLET [UNLET LOM/SELC ROTOR
3 1 SQFT T
1.3228 2.2988 83.01 BA.83  34.04 l.1239 Led843 87.%0
STATOR 2
RUN NO
sy EP3E-L LPS[-2Z - V-2 k-1 WM-2 ve-1 ve=-2 B-l B-2 M-1 =2 PD/PO
UEGREE DEGREE FT/SEC FT/SEC FISSEC FT/SEC FT#SEC FT/SEC OEGREE CEGREE INVET
1 c.5h8T Q.17 97G.T 6lb.4 615.4 oké.2 T41.3 17.8 50.8 1.7 0.80186 C.4908 2.3047
¢ Tewld 04837 557.7 &2k.0 6C0.3 620.8 Teb.2 15.7 SLlav le5 Q.7906 0.4951 223149
3 me2%4% UL428 94T.4  636.T 6CI.B &36.0  T30.1 Ba7 50.b Q.8 0.7830 0.5052 2a34¢2
4 ool -Q.286 B63.7 6lé&.T 550.2 sla.T 630.7 1.8 wT.0 ~0.2 0.7096 0.4929 2.3208
Y 0,590 -1,081 74%.2 S3%.3 S534.7 533.9 H524.9 -20.8 At ~2ad TeH0B9 D428 2.2284
o -Get2l ~laleé  l4e? 9013 t19.6 500.9 490,88 -19.9 43.3 ~2.3 045788 C.39%2 2.1%28&
7 -l.543 -La183 715.5 563.8 S52le6 503.6 489.8 ~15.3 £1,2 ~3e7 D.5752 04012 2.1%3¢
o 2357 -1al8%  T21.T  £14.5 $22.9 Slb.4 497.3 -10.2 42,5 ~ls1 Q.5836 0.4111 2.2028
Y ~4,783 -1.28T 745.C %60.8 55%.3 560.5 492.1 is.0 4l.4 Lot 025969 GoaalT? 2.2351
Ly -5.545 ~1.300 747.2 9S72.8 315.1 572.3 4M.1 2hab 39.8 2.5 0.%5964 0.4508 .2415
L1l ~ta199 -1.22% 736.0 546.3 599.3 S666.2 427.2 14 .4 35.0 Le3 D.5832 C.a44l Z.2281
»L  ANCa INCH DEv TUAN RHOWM-1 RHOVM~2 D=-FAL CRMEGA-8 LOSS-P PO2/ LEFF+A
DEG<EE UEGREE CEGREE DEGREE TGTAL TOTaL Pal TOT-IMLET
3 2.lo 372 13441 46.93 &3.32 12.60 0.5342 D.1184 0.0267 0.95%1 8l.73
2 3.97 .98 12,10 49.94 &z2.248 73.54 0.5207 0.1193 0.0275 0.9394& 82.57¢
4 3492 642 11.62 4%.70 6£3.72 16201 0.5068 0.1102 ©.0258 0.94632 85.52
- Lead S5.26 I0a15 4Tel2  64.02 73.95 0.4742 C.047& 0.018T 0.9805 B7.47
3 ~d.20 5.04 8.47 46,58 SB.7C 63.69 U.4857 D.0356 0.0095 Q.992L €3.82
o ~had7 4. 12 T.95 43.54% 57.22 59.42 0.4991 0.0509 0.014l 0,9896 Bl.78
T o-ial1 4,93 - PL T 44.30 97.05 59,67 Q.4937 0.0820 0.0174 Q.9874 Bl.5&
8 —W.50 5.1 8.97 bhot% H7.90 6L.0T 0, 4835 0.0TH0 D.0210 0.9848 Akal4
g -lanl 4.29 11.80 35,18 Gles? 4,96 0.43%6 D.L0GE 0.0313 Q.9772 1%.86
10 %70 2.17 13.23 37.30 s2.88 65476 Q.4137 0.k045 0.0309 a.971% 72.81
1L ~leald ~3,05 13,39 34,12 &3.08 64.50 0.3982 0.0984 0.0294 g.97198 TL.T0
NCURR SMCLRR 10470 PO/PD EFF-AD EFF-F Toz2/Ya) PO2/POL EFF-AD
INLET INLEY [NLET THLET IRLET LHWLET STAGE
RPM  LAMSSEC 1 3 ]
9130, 138,080 1.322¢ 2.2529 80.76 61.80 11359 0..9800 82.04

ORIANAL, PAGEAS
OF PooR QUAum

0410

ENLET
l.1288
l.3258
1.32067
l.3102
1,3Ce2
13068
1.3018
Le3lia
13357
1.3504
1.35717

EFF-P
FOT- ENLETY
§3.71
84.83
£7.13
BB B4
£5.51
83,85
E3.43
£3.0%
T8.3%
T6456
Y4.65

PG/PL
STAGE
L. 5043
15088
15223
1.5692
Lot t95
l.4329
1.4201
Le&152
1e41467
L.4158
LedlaS

HEFF -4
0TS
78.28
18, 80
BL.90
87.35
25,12
B2.4H
80.68
79429
18,00
80.70
85,71

LAANY

vioa

FI7SEL FY/SEC

893.9
H98.7
907.5
Gbb.o
10559.8
11400.5
1H20.6
1136.3
L205.0
1224.7
1261.3

PUAPL

IKLET
2.4033
Zafalal
2.4322
2.3612
2.242%
Za2l38
242235
2.23498
2.2874
2.2926
2.273%

TC24
Tol
L1519
Lal5T5
L. 1551
lels23
L.13%0
e300
1.1258
1.1310
11334
l.12B7
l.l1208

1EFF-F
TLE-5T6
T9.49
T79.98
B2.92
BA. 05
86,47
83.53
81.79
80.26
79.04
B8l.,62
H6.39

5T%.9
5627
STG.G
595.4
63%.4d
670.5
637.4
697.7
T1l.1
80u.d
BTaal

147



APPENDIX C

TABLE XVIi{a)

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

{Uniform Inlet Flow, 100 Percent Speed)

U. 5. CUSTOMARY UNITS

ROTOR 1

RUN WU 8, SPEED +GDE 1O, POLNT NO &
Su cPal=a ERSI-2 V-l V=2 VM=l VM2  VB-l  vi-2 B-i B=i M- M-2 =i u=2 LLES B LR
VEwKBe UEGREE FTI/SEC FI/SEC FT/SEC FT/SEC FT/SEL FT/SEC UEGREE UEGREE FT/SEC FT/SEC
i hasTaw 1d.382 62245 509%C bH2ea3 052.1 040 8646 0.0 53t 05755 Cu9784 6iTed Teoel CaBlT3 0.5973
 s4eeld L8.065 63Te% iD5Bat 863Ted 86242 0.0 825.9 Qa0 S5kad 045903 0.9380 676.9 76L.9 0Ou8610 0.5899
3 11e28 L3aGl0 65243 10298 65ced 6777 Qall TT5aw Ued 4849 OubC51 0W9098 725,01 T57.0 0.9047 0.5991
% 29583 dald0 6BB.3 Y34.8 68843 06240 0s0 6609 Qa0 44a9 Catall C.8170 LLEPY] 9025 LalcB% Qevibld
3 =Jefi3¥ ieadl T08.9 7833 F0H.9 563.7 Vel 543.9 0e0 %440 Qob62l 0et6741l 103547 10436k 130721 QuE480
2 +ée03] ~ls2b62 T1242 72382 11242 5i541 Qa0 49Ta3 0.0 4324 06654 Cabl9d ikilat L113.&4 1.2389 Qu0934
¥ =led2l 24587 71342 T4Seh TlEe2 57044 Qall  479.0 0.0  %Qal Oobhdd CobAQR2 L1598 114%Bs6 142720 0.7552
o —wauld5 34885 T13.0 Tolab 7130 401ls3 Jad 40T.8 Q.0 AT9 Ousbd D.0552 12005 L1B3s8 1e3045 Cu80%2
¥ =de200 ~T4570 TOLal TH8a2 70Zel oZl.3 Q.0 501.z Qad 3848 0ub551 CabB02 L32ia7 12B9.2 1.3972 U.8551
L —¥sd45 =B 803 694.7 823el 694.T &37.7 Qed  520.4 Del 3941 QubhTs Gub35L L3634 L3I24eh  La4265 0uadThe
Li-140204-40s212 6858 78526 ©B85.8 508.3 Qa0 5205 G0 dlet Gesd886 GCanbldo 1404l 1259:5 L1e#550 D.864%3
st INGS  LNCM DEV TURN  RHOWM=i RHGVH=2 B-FAL GMEGA=B LLSS=P  PO2S XEFF-P REFF-A B'«L  B'-i  yd'-} vE'-2
grGhEc JEGREE DEGREE OEGREE TAaraL FOTAL Pal ToT 10T  OEGREE OEGREE FT/SEC FT/SEC
s —hede  3ai5 14ed2  GBadb 40u55 50ab9 De#T8Z Ou(4éd (.0099 1.8987 9Yuod 9742 45403 -i3,6& -627.T 157.%
£ =ledd  Ze%h l4e0B 52403 41el9  52.80 045022 0.0329 040075 Ja86815 98ule 57.98 4630 -5.53 —bTh.9  &4a0
3 =deld 2491 13438 45,99 4ke80 SS.el 0.5060 QL0067 0.00l6 18798 99458 99256 #Tab2 1883 =TiSel +Zleb
v =Jadi Ja2b 1044 AdT 42220 Sbe3l Qa527% Qa035) 040088 1e8idd 9713 90u89 51e29 20.i2 -963.3 -282.5
3 Ledo 3470 11a26 144ET7 4349%  48.59 0.5333 041342 (.0302 1.8588 Bbals 85.1T 5560 41.53-1035,7 —499,2
3 heB? 2487 12422 Tab 4hafld 45,36 0.5090 0ul%ll Qp0310 14083 82497 8lebd 57653 49:57=11108.6 ~0lte2
i Ladl 3.92 9.23 8487 44,09 50e19 044680 041072 Qu0226 1+0483 0TudB 86480 58s4l 49454115986 -669a0
6 dedd  4a03  Tel2 Ge32 44,08 53043 04407 0.0793 0.0189 16813 90,72 F0.04 55.29 49.98-1200.5 ~Tlo.0
0 2e99 Akl  4a90  10e34  43.TO 55,18 OaddAT) O0138é 0,0295 1.7493 BaéeT4 83453 52,04 51.70-1322.7 ~Tés.1L
10 4ed2  4abl 8,31 11,30 63,44  S8.55 0,4509 041531 Qe0245  L.TATT 83403 8ls6l 43400 Sle5l-1383.4 —80%.0
L 3463  #.78  8.51 910 43411  51a68 0a#854 Ju20]) 0.0427 147392 77422 T%a4L 63,96 54.86-L404al =839.0
Ta/7C PC/PD  EFF-AD EFF-F WCl/al TRE/TOL POZ/POL EFF=AD EFF-P
THLET INLET ENLET  INLET LBM/SEC ROTOR ROTUR
1 £ SQFT ] [
Lal958 1.74T6 @Be%l 8326 #l.81 1.1953% la74Ts 88,41 089,28
STATOR 1
RUNM NG By SPEED COOE 20e PUINT NG 1
SL ePSl=k cPSi-2 =1 v=2 VM=l WM=2  ¥R-L ¥e-2 -1 -2 M1 H=i PO/PL TUATG PO/ PO
UEGREE OEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC OEGREE DEGREC ENLET INLET STAGE
i 40126 L4885 11Q0b6eb ThZ.T €BE.9 Té2.T 86640 =0u7  SlaT —0Qul 0.9865 Gob29% 147651 Ledl60 Le 7651
¢ 15aTd2 L3al36 1CTULY TAlet 69960 T4leS Blles Fu3  ATed el Ga9508 0s62%6  Ll7710 L2015 L7710
3 L34 T2 114521 LOASed Ta4e0 TL3.T Ta3ed To3ed 17.1  47.0 Llad Ga9259 06320  1.77684 bel979 17784
% dab3o T.188 9956ul TiT.0 69647 T29.0 65448 ~0e% 4302 -4} 0.BIBL Cubiil  ka7563 1e1907 1. 7583
3 Zeléd lobhd E07.8 GAT.4 595.0 64740 54340 =23e8  Afed  —Zel 044971 09495  l.tész l.1815 Lotk
b ~is037 ~Lal85 14847 6C7s2 559.3 60642 49747 ~-34.9  41.7  =3.3 0u6430 0.5144  1.5558 L7174 1.5958
T -2e37h —2u3B3 T694% 02847 0CLleb 62840 «480ad =3lel 3Beb —ieB Jebdil CGa5338 lebl4d e i768 labl43d
b =3e450 »3,383 T8bel 46342 630,86 66300 489e2 ~Lhel  36aT  ~led Q26780 0.5643  1l.6482 1a1790 Let#n3
3 =0e329 ~5.086 B2hed T2le9 65248 Tiled 5042 2645 37.8 240 0.TO50 046097  iaTlz2 L2088 leTrZ2
Ly -Te2da —ne562 B850.7 T22.8 &70.3 7T21.9 S23.% 33.4  3d.l deT 027250 Ge606%  LlaTléi La22i0 1.7L4k
4L =delbl =Ta983 Plbed 66240 6237 66Le8 524e8 -LT<5  #0el  =1e5 0a06911 (a5%ié  latw7l 1.2270 la647)
S, INCS  INCH DEY TURN AROVA-) RHOVM-2 G-FAC OMEGA-B LOSS-P P2/ TEFF-4 ALEF-P AEFF~A
UVEGHEE DEGAEE DEGREL ODEGREE TOTAL TOTAL POL TGT-INLET  TOT-IMLET  TLT=ST6
1 =JuBT  1eZ2é% 12.27 5l.M4 93.14  68.TD Cu4810 QJulS1L  Q.0309 0.9301 65452 B&e &1 85,52
£ —dekB  Da93 11.9% 48,48 5%.22  55.07 Quk550 001334 040283 0.9413 a7.99 88.90 8T.95
3 =2e5k 0e27 L1e70 45,70 57«43  59.465 0.4386 Gal248 0.02719 (9472 9026 51e06 90426
* =3«TT =-0.05 Q.20 43,30 58.37 68435 03977 000739 0,0178 D.9730 9l .04 92428 9labt
5 —4e28 177 720 44,33 50.81 59.51 Du3B34 M OL08  D.0020 Q.9572 84423 E5e27 Big2l
6 =3.38  2.26  be06  M4e95 47489 53,23 D.396) Gu0fad 0.0135 C.98565 8049 81.TL 80449
T =tel3 —CQa2B  Ge®h  Alad¥ 52419 57433 0.3843 040963 040281 Q.9732 82483 83,53 82,83
B ~TeR?h =1e77 Bad0 37a%i 5%27 6074 OuIAZé 00A26 0 0245 0.9780 85472 86667 8572
9 ~8.85 Ge03 12469 35,63 57,07 65,33 0.3106 0.0831 0.0259 0.97463 19.52 80.99 1952
10 =8e82 Oui2d L4ahd  35.4E SB.46  b4aB2 043328 0a1325 00419 0Q.9613 T5.06 T6aB3 1508
1L ~3a33 luetid 1l.8G #lubi 53.9% S0ab]l GeAQ3IT N1923 0a0&1s  Qa94ATE bTade 69,62 6Tath
NCOAR  WCORR TO/T0  PO/PQ  EFF-AD EPF~P Taz/TOL  PO2/PCL EFF~AD
INLET  INLET INLET  INL&T  INLET INLEY STAGE
RPA  LBM/SEC 1 L |
L0680 184010 1.1953 1.6950 83,19 §4.3T 1+1955 049659 23419
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¥r-i V-
FT#5eC FTASEC
Gu%aQ 6T0.9
92327 b4
97543 oldes
Li0%el TO5,.0
125541 T53.8
132040 80940
1363 B19,3
1398.5 935,0
A997.5 1d03,.5
153042 1026.3
L1562a6 1028,7

Pu/ PO

INLET
l.898e7
le88.L5
[ PY-Y LF
l.8133
ey
Lab0&3
Letwal
Letsid
laT493
17877
LaT392

Tues

To
le2064
bel2lud
La1979
beatu?
11815
1ei778
Leilay
LalT30
l.c088
LadllB
La2270

LEFF-F

ToT=3T6
Bbenl
h3.v0
Sawdid
92488
8527
HiaT1
B3.93
BhanT
Bda99
Toa85
bFadd



ROTOR 2

S0 cPil-1 EPSI-Z ¥=1 ¥-2
UeLREE DEGREE FT/SEL FI/SEC F
4 hie®90 LLe263 H30.,6 1353.1
c aUad%d 10,163 B34a2 1224.1
3 daTwd 9e132 040.4 1178.5%
w oalbi 62188 835.8 1059.1
3 LTI 2,000 T63.2 9ilded
o ~isddd ~0.8k7 TiBab Biled
T rceS6L ~1a860T 13LeT T7T.7
b 23459% =2.676 T58.2 T75.1
3 =3 TlU =5+401 819.4 8&l6.5
10 =62487 —~&.3T6 B2Z3ad 8546
i ~TeT0d 72191 1T4a0 8280
L InC3  IWCM DEV TURN
VEGREE UEGREE DEGREE OEGREE
L ~hewo —Dal5 22492 H2.45
£ =%a34 =Cal09 1774 41.5%0
3 —eaB53 Qs 14s55 38s%0
v =Zesd la9T 12230 27407
3. Lad? 5495 B.05  18.58
L] 358 T+ 92 Tafb 31.93
T 3eil  Tal9 B3 10438
o LadT LN ) 4239 Ha54
9 =d.bb 2402 1.6 Tel%
i “de9% la2% Latd 1. 98
1 Le¥5  3eda  Sad4 TS
Ta47a
INLET
1.3703
STATCR 2
S EPSl-i £PS1=2  W-1 V-2
JEGREE DEGREE FT/5&EC FT/SEC
L 9022 la066 L304,6 S9T7.8
¢ da2ed 1alBl 127244 104640
3 Teddé 1.128 L226.5 1082.8
» 6a6BL  0a588 11043 L042.7
5 asB3l =0e4133 96243 963.8
b Ou®5) =Qa4bl 8T72.2 853.5
4 =0.365 =0.610 828«3 8352.3
6 -iabld =0aT72T 825¢9 63%.%
3 =wob46 ~)e03T BT3.5 888.4
LD =5¢587% =1.105 §12.7 91l6.8
1i ~6.253 =1a302 B95.1 9074
5L INC5  INCM CEY ~ TUAN
DEGREE OEGREE DEGREE OEGREE
1 =703 ~-TudT =0.81 52404
2L =be86 =a,84 -1.21 43,02
3 =bedd =3.60 Oa0& 51.32
v =lUeTh «8a88 4219 4093
5 =13e90 +8.59 3.2 3T.08
5 ~15a22 =943 Qebl 38,78
7 =15.87 -S.A8 1452 37.00
¥ -L3e%L =~9.70 3.79 Ihahd
9 ribe¥h =8.26 Te63 31,38
10 =LT<5L —10.63 1034 2T+38
10 ~22.77 =15.6T B3T  29.52
NCORR  WCORR  TO/TO
INLET  IMLET INLET
APN LBNSSEL
10680. L84.10 1.3703

RUN NO 84 SPEEG CODE 4Dy POINT NG 1
WH-l  VM=2  ¥B-l  Ve=2 - a-3  Mei n-i i U=2 Mioy M=l Wil Wi
1/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE F1/SEC FF/SEC FI/SEC FT/SEC
430.6 9397 =0u8 831e9 —Del Alew CoTLL0 120329 632.8 873.5 1.0072 027742 1116.8 940448
83442 899.8  Fa0 B29.9 Dot AZsb 0aTL5B 150034 6563 B9L.T 1.0203 0.7393 1185.1 90240
839.9 B&7.7  Lba8 T97.5 1.l 42.8 0.7225 0o9632 8808  9i0s7 10362 0.TL5L 1206s8 bT54)
835.8 B5lal ~Qeb 6£30e3 =Dl  36ab (a7Z08 08640 955s9 971.3 L0955 0.T480 1270.2 91é4.6
T62.8 T12s8 =23.4 #9243 —-luB  32a% O0u6954 On 7431 105948 1059.1 1.1377 027772 13248 95844
TLTeB TDkoh =142 42423 —2a8 3140 Ge6153 Ou664l 1112.7 11C5.8 11590 GaT9le 13537 9604
T31oL 8T0.8 =3let 393.5 =245 3043 0.6275 0.6275 1139.4 112929 1.1839 0.8037 1380.,5 996.2
75801 6702 =1445 30925 1ol  30sl 0s6515 0a6260 116643 LlS4eb L2056 08215 14032 40174l
81540 T03.2  26aT &ldeT ieG  30a6 046959 0.6552 1248.1 1231.1 1.2531 0.BGO0 l4ode3 L0T4ae
82208 75000 3547 4l0a3 245 28¢5 De8995 0u8B50 1275e5 1257.3 1.20638 0.9065 1488.0 113l.3
17328 182.1 ~16a8 3462 -1a2 2%ab 046520 0a8603 130341 1iG4eD 1.2588 0.95087 (530,00 12024l
RHGUH—1 AHOVH~2 O-FAC OMEGA-B LOSS=P P02/ TEFF—P SEFF=A B°-1 B'-2  vB'=1L v@'-2 PO/PU
TOTAL ToTaL POl TOT TOT  GEGREE DEGREE FT/SEC FE/SEC  INLET

73,08 89448 023053 OpZ488 0u0565 Leb43T B0.33 T8e9l 4502 2,52 —833.6 =4l.5 4.9048
73267  Bbebd 0s4058 0,2906 0u0677 1abl51 76250 T4aB8 45.42  3.92 —B4Ted =6l.8 2.B5%¢
T4.38  Bhe58 0eh302 De3lh8 0.0T48 1e564l T3,1b 7ludd 45.82  Te#l —86348 -11342 'Z.7812
73,74  BbeSb 0.6047 042542 00607 Lo4B20 13460 T2.1L 48493 21,87 -956,5 -34L.0 2Z46li6
66019 B0.TL Du385Z 0n1559 Q.0425 1.4557 77.68 Toehd S4.B6 36.27-1003.2 -566.8 2.4080
61o9T 7359 0.3749 QulT53 Qa0374 Ledl01l Toe935 73480 57495 #4.02-1147.7 -40l.s 2.2620
63,41 TOsD6 023708 021982 0,047 123639 Tlab8 70,43 57.99 47.01-1171.0 -T3bet 241971
56010 70023 0u3644 Ge2075 040429 123350 68269 oTs4l S5Tez5 46.70-1180.9 -765.1 Z.1974
F00CT  T2.97 0u359% Ow2136 Cu0490 143279 66,60 65.2% S6u15 48,95-1221.3 -6l2.3  2.2691
70uOL 78439 Da3270 0sl499 0.0382 1.3597 T5.75 TAe68 56,26 48.20-1239.,9 —845.9 23407
64.82 TOu3l 0n299% GulQlZ 0.0240 1.3913 83edé 82434 59,45, 51.10-1319.9 -937.7 2.3042
PO/PU EFF-AD EFF=F WCL/A1 TO2/70) PO2/PAL  EFF-AD  EFF-F

INLET  IMLET  INLET LEM/SEC ROTOR  ROTOR

1 T SQFT % T
244347 77.93 80.AT 42447 L1ed4o2  L.A354 T4.00 T5.38
AUN NO 8. SPEED CUCE L1Gs POINT NG L

LN VH-2 ve=1 yo—-2 B=1 B=2 LA M-2 POSPD TC/TD FL# PO Tazs
FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE INLET INLET STAGE  Tal
L1002e3 9736 822.3 =218.5  39.% =iie6 Le0B3IL Q,T908  <.2544 1u4384  lacT59 141921

57025 103lad 82340 —225.8  #0e6 ~12.5 L.G514 OuBI4b 243688 Le4371 123396  1el1943

§25¢1 106326 T93.7 =20246 40,5 =10.8 1.0098 0.B705  2.4737 14306 1.3935  lea%iS

90Tel 103658 62921 ~Lile#  34.8  =0ul 0a9006 C.8467  Zo4#79 1.3925  1.2838 l.l&7e

B2bs4 956e5 49340 ~LiBe8 30,8 -Tol 0.784T Ca7850 243217 143554 1.389% Lolag0

Teled EB0.9 425.6 =149.3  29.2 -~9.6 0,7081 C.T262  2.200T 1.3437 1a3755 1.i%0%

128.7 BAZud 393a9 =12043  28e4 —Beb 0,678 Cub¥22  Z.035L £e3240  1.3323 1.1334

T3Bel ©3k.3 390,00 -~93.4 28ad =bad D.6T06 Q.6823 2ellBE lu32E4% Le254al Lal2¥2

T05.2 B8Tat 42le2 -3940 2Ba¥  ~ie5 07033 OLTLTG  Zelbwd 1.3556 1.2675 l.1284

Biée0 Ylbe@ 4L2eT ~6a®  2Te0 —Ook 0.7361 Cu¥398  £si999 1a3682 142780 lel2d3

BZ4el F0Lel 34820 =103a9 2240 =5e6 0.TLF1 Ca7302 21690 13730 L.3L0% 1al194
RHGYN=1 RHLWM=2 C=FAC ONEGA=8 LOSS~P  POZ/ XEFF=A XEFF=P AEFF=& 3EFF-P

ToTaL TOTAL  FOL TOI-INLET  TGI=INLET  TOT=5TG TOT=376

92¢32 86480 0aALTO 04307 Q.0950 du7741 59,3l 63u56 37.25 3933

8977 92,84 0.3724 0.3473 0.0781 Q.8226 83.04 67465 K404%  4BL0D

B1.78.  98.79 0.319T 042489 0,0573 (.8T1S 88,33 12,00 Sle32 53451

99,42  99.69 0.2373 0,1690 Q.04K7 0.9285 Thuln 77.03 57472 59459

84000 93439 0.1864 Qyl40) 0.0372 0.9519 T5.43 Thail £5.73  &7.26

T7.44  85.83 0.1786 QL1388 Q.0376 40,9392 13.32 76,05 61459 06499

T4ail 82,02 001531 Ox1372 00,0380 d.9633 T2.26 15.00 63.0% 43006

Tae2B  8la33 0.1500 042413 0,039% 0.9632 72,53 75.22 59.30  &J.73

TT,06  84ubl Ou1380 0.l6I1 0.0473 0,9548 PreT Tle64 54,36 55,85

02.37 86,93 Gul3ll OA19T8 0,0585 (.94C3 Prpest Thobd 56,05 60443

82,72  64a53 D.1368 042006 G.059% C.9416 66,18 £9.58 &6.84  68.Q7

PO/PO  EFF~AD EFF—P T02/TOL  PO2/POL  EFF-AD

INLET  IMLET ENLET STAGE

H x x
21,2457 T0.07 T3.96 L.l4a2 0.9304 58,77

ORIGINAL, PAGRH
OF POOR Qu. I
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APPENDIX C

TABLE XVIi(b)

{Uniform Inlet Flow, 100 Percent Speed)

U. 5. CUSTOMARY UNITS

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

ROTOR 1
RUN NO 8, SPEED COOL 10y POINT NU 2
5L eP3l-i EPS1-2 ¥-1 -2 YM=1 VM=-2 va=} ve-z 8-y B=2 M=y L o' =1 U=z M-l LEES]
JEGKEE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE FT/SEC FT25uC
L 16a704 L8u208 634.0 1099.7 63440 6827  Oe0 o1 040 5340 0a5B69 Ca9B0D  Bz7eS 72645 0.8258 0.8G57
£ h¥alld L5848 B4B.2 l060s2 648s2 6G68T 0.0 B22.7 Qa0 5029 Gab0i0 C.9401 6Tbe7 Tola7? 0uBHBY §ub954
3 100847 130610 65243 103242 06243 08200 Qa0 748 0o AHab U.6150 0a91i% 12409 79608 O0.9L18 Ooo0s2
v 50508 7.64B 6938 938.8 6938 659.7 el 065.1  0u0  A%e2 Gebba? GeBLE3 86340  90Ze3 1,022 Dusizé
> ~0.263 Lo018 707.7 7847 TATa? 56742  0u0 568e0 Qs 4440 O.660B 0.oTA7 1035.4 10425 1.1710 Qoo4?8
v =1u550 ~1.BA3 708.2 731.0 70Bsi 530el  0a0 303.4 0,0 4325 Gabold G.b261 iL16a3 L11302 1,238} 0.6920
T 2,313 ~3.088 TOB.1 T53.7 70B.l 5T6aé  Dad 485.& 0.0  4Q.L Qedbll D.6475 1059.3 LL48.3 L.2684 Q.7543
4 -3u5el ~4e282 7070 7T68.0 TOT.O 806u7  0p0 470s9 0.0 31,8 Qu6501 Ca6407 120042 418305 1o3008 Qu8081
¥ -8.060 ~T.758 69340 80446 693.8 8317 0.0 49548 0a0 3840 06467 0,6860 13:2.7 1268.9 1.3920 Q8066
LU »¥a726 -8.993 485,68 B2T.9 &85.0 64leé 0.0 223.2 0.0 39,1 Q.8386 0.1032 5383.0 1324.1 1.4209 0.8716
LmLle192-0Ce2B0 67623 T92,0 67643 539ub  0u0 522.0 0o  4lal 0.6291 0.6683 L403a7 1399.2 L4494 0u8670
S INCS  INCH  DEV  TUAN  AHOVM~1 RHOVK=2 D-FAC OMEGA-B LOSS=P  PO2/ TEFF—P TEFF=A B'-L 8'—Z  vB'=l y@t-2
UcEREE DEGREE OEGREE DEGAEE TOTAL TOTAL  POL T4 TOT  DEGREE OEGREE FT/SEC FT/SEC
L =le90 2471 15.09% 57,35 4Le05  5Lla26 De4715 Du0439 0.009% 1.8907 97u71 97050 44u49 ~12,87 ~6iTe5 i5kes
2 ~iled2  ZeA 14u39  5L.22 Alebd 53,06 04990 0,0393 0,0090 18722 97.74 5754 46a00 -5.22 -676.7  biot
2 —letd 2447 13238 45,52 42.2L 35,35 0.5050 DuOL6T O.004% 1.8690 98.8L 98.72 47237  LoB4 =72405 -22.0
v -O0a43 3,02 10408 31430 #3,40  35.47 048336 Ou0822 .01%6 1.T96A 94495 94,56 51a06 19476 —B&3e0 -237.2
5 ledd 3,80 10462 14454 #3.90 #8433 0.5336 0alB34 Gu034T 1,6438 $4.20 B3.1T B5.6k 41.10-1035.4 —494.8
5 LeT2 4,00 11467  B.4% 4#3.92 45,49 05098 Qu1TO5 0,0354 L5986 Blabd 79,76 57.66 <9.0l-1110.3 —-s09.8
T 2,00 410 Be68 9,58 43.90 30,15 0.4681 Q.1248 0.0266 1.8404 65,86 0486 38,58 49.00-1159.3 ~8ez.7
@ 221 4a22  4.7%  $uBY 43.88 53437 De4306 000935 0.0201 LebTL6 8%u08 BB.39 59949 49.60-1200.2 —T12.8
§ 0 3.25  4ubB 454 1056 43041 55,91 0.4361 041324 0.0293 L TALT  BA.%4 83,74 6230 51.34-1322,3 -793.1
1 366l 4490 4223 12.05 43ell 36,31 D.4499 0ul6é0 0.03T6 1,7756 8Le67 80ak6 63929 Sle23-L383.0 —BOO.S
L 4494 5,08 Bald %79 42,75 51480 Oat624 0a2004 0.045L 1oT29h T4u21 T4n36 84026 G4 AT-140327 —837.2
TG/T0  PG/PG EFF-AD EFF=P WwilsAl T02/T0L PGZ/PUL  EFF=AD EFF=f
INLET INLET IMLET INLET LBM/SEC ROTOR ROTOR
x T SQFT 1 z
121960 1.7349 BT1.00 88.04 41,77 1.19860 17369 87.09 B88.0%
STATOR 1
RUN NU 8. SPEEG C3DE 40, POINT NO 2
SL cPSier £PSL-2 W=l V=2  WA-L  ¥N-2 W=l ¥@=2  B=a  #-2 M1  M=2 PO/PT 10/T0 PO/FO
UGSREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FU/SEC FT/SEC DEGREE CEGREE INLET INLET $TAGE
1 180048 14,790 30088 7a4le3 J0Le0 T4Lled 6592 a2  51.0  ~0.3 0.9897 0.0268  L.7584 1.2083  1.7564
£ 15.64% L2.94T L0TAul  139.0 TOTe6 738u8 BOBel  19.% 4829  lob 0.95%6 0a6215  La7625 122007 1.742%
3 234549 114224 109945 739.5 T20s4 738.9 T63uZ 36al 46T 2aB 0.9303 0.6230 176756 1.1978  1l.Tels
P delid 6,470 95946 T26ul 696.8 726l 859.7 2.1  4Jed Qa2 Q.8410 0.8000  4.T475 1.1922  1.7415
5 1e565 04343 H13.7 6458 60Z.4 49,5 S54Ta0 =19:8 422 ~1.7 0, 7024 0.5513  1.5348 L1829  1.6348
& -let4d =Z.833 T5Te6 6L3a3 565.9 61240 503.T7 «2045  Ade7  —2e5 046507 05195  1.585Q 11795  1.5850
T =4a920 3,792 T719:2 63BaT 80B.6 438.4 #86.3 =200 38,7  =1ad 06701 Q.5625  L.&044 1,176 lubObe
4 ~3.9L0 —%46T8 79246 BT3e2 636a5 673l 4T2e3  —Teb 3646  =0.7 048838 0.5732  }.6407 1ei756  1e6407
¥ voe476 -0.93T 83046 TILeS £63.9 TI0a¥ 499.0 294 3720 23 0.7112 0a6l89  1.7046 1.206T  1.7010
10 =1a3l3 -7.602 8545 7384 oT2e6 TI8.8 5268  37.5  38a2 Qa9 0.728) 0.6183  §.7040 1.2227  1.7040
Li —2.209 ~3.333 B2L.5 67746 631a0 8T7.5 526,01 =153 29,7  ~1.3 0,69%6 0.5651 1.6375 142215 1.6375
SL INCS  IMCH  DEY  TURN  RHOVA“L RHGYN=2 [=FAC ONEGA-B LOS5-F  POZ/ REFF-A LEFF-P  XEFF-A
UEGREE OEGREE DEGREE OEGREE TOTAL TafaL POy TOT-1ALET TOT~INLET  TOT-5TG
4 =1o89 0,52 12.01 31,20 53080 68.4% 0.4830 Opl495 0.0300 0.9308 B5.58 86.606 §5.58
€ mhe¥5  0u43 12,72 4Tudd 55,49  58.61 0.4805 Oul3Z3 0.0281 0.9415 BT.51 BE.45 87,5k
3 -2.82 -0,04 13417 43.92 S5Tu&S  68.93 Q.4400 031252 0.0276 G.94ss 85426 50,09 69.28
* m3a58 0ol 943 43028 B7u63 6770 0.4039 OuObAl 00156 Q.9T8Q 89.8¢ 90004 B5.89
5 -3429  1.T8 7437 43495 50,56 59.21 0.3854 0.0089 0.0024 0. 9578 82415 B3.50 B2.35
B =B 228 ba88 A4ald AT.89 55422 043942 Qa060) 0.0LT4 Qe9B48 Tée3n T9s 64 T8.21
T o-6ald 0.2 Tu539 40,47 52.26  3T.60 C.3724 0,096 0.028% 0a9TAé 81.04 82.25 8l.06
B =TeS1 -1.83  8.T8  37.28 55.2) 61.06 0.333% 040791 0.0237 0.9787 04,57 85,59 84457
¥ -Te53 =Ga11 12488 34471 57.48  £3.53 0.3007 040849 0.0211 0.9790 74411 80,77 19.31
L0 -8a7T  0a28 14271 3523 84.09 65,10 0.3204 0ai29) 0.0408 0.9420 13.61 15,68 13,81
11 =5.88 14T 12.07 41,24 53495 59.19 0.38T7 041907 000611 G.9474 8544 86,65 P
NCORR  WCORR  TO/TO  POSPQ EFF-AD  SFF-P TW2/101L  POZ/POL  EFF-AD
INLET  INLET INLET  INLET  INLET INLET STAGE
RPN LBM/SEC 1 t x
10677, 10390 Llol9s0 ).6852 81.96 83,27 1.1960  0.9702 [TTRTS

150

e

&

vi-l
FTI/5EC F
8920
537.1
9819

L107.5
1254,
1323,1
L3508
139449
1493.3 1
1525.4 L
1558.1 1

POsPU
INLETY
L.89Q7
1e8722
Labeg0
laTR04
lLes43s
IS 17: 1Y
let4 0«
isb716
L7417
LaTTo6
L.12%)

Fues

Tul
142043
102007
11974
lal922
leiB2y
lea?9s
l.1788
1.1796
1a20067
1.2227
le2275

YEFF-P

TOF=5TL
Hb.bb
BBeseS
F0.09
50464
831,50
THetrle
b2edh
85459
BOLT7
15,84
484085

vr—z
T/SEC
o797
67la5
opd et
T0l.0
T52a8
808,40
HiBas
935.8
Qiadac-
Q2bed
D274



ROTOR 2

RUN MO 8, SPEED CGDE }d, POINT KO 2
ePal-s EPSI-2 V=1 V=2  ¥M=L  ¥R=3 Vé=1 ¥é-2 B-1 -2 M-1 M2 L u=-2 Hrel Mt yi-L WU
DEGREE DEGREE FY/SEC FT/SSEC FYJSSEC FV/SEC FT/SEL FT/5EC LEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC

L
4

i 4iaS5L6 11a20& B37.4% 1168.2 837aé B20eB  =4¢Q0 83042  ~0e3 %542 Qo179 0u9¢B6  Bi2486  B73e2 LoOL4T 0u6883 lla3eT 8ida0
2 Lus68L 10.05T B41.9 I15T.1 B4le7 7994 1940 63646 kel  &4,2 Da7233 0,5391 €561  95Le5 1.0199 0.6503 1.87.1 €0L.a
3 FaT752 84939 B4ASe2 Ll42eZ 485 T89S  3S5e6 B25.0 2.4  4beZ 0.73l3 0.9215  B80.4 91045 1.0312 D.6451 119745 TS
v oalad 52595 852.T7 LOAd.d  853.7 8175  2el 65,3 Oek 3848 0,7375 0uB6512  955.7 97l.l  1.1057 0,7013 L2T9.9 876.0
3 0.0LT 0a750 773.9 65501 T73e7 b86eT =1949 509eb  -La5 3646 Deb85] 06872 10589,5 ,058.8 L.l4l2 0.T066 L3Z8el &7%.3
b -aulh5 —LebZ3 12606 1510 T26e0 59240 =2622 46241  =2a1 3840 06219 045994 115245 1105+6 Lel561 006979 1350.4 B674dh
T -we239 24652 F40sT Té0eé T40e4 584,77 -19.0 454ei —Lleb  237.8 Qu6353 0.5910 1139.1 1129.86 LelT91 07130 1374.7 69343
B =5e0%4 =30503 Téhe2 7623 Thhel 6l2eB ~buB #5345  —Oeb  Ibed 0ub56T 0.609% 1166a0 115443 1.2029 D.7443 1399.8 930.9
¥ -6.923 —8.185 BLl1e8 79427 Bll.3 64249  3Qed 46742 2al 3549 006930 Qe6304 1247.7 1230.T 1,2489 Q.7T917 [463.2 99B.L
Lb 2 Tahia 14008 B1éaB T94a9 Bl5e9 H4Tok 3749 45843 2.6 3540 0.6927 0.0280 1275.2 1256e9 1e2570 048132 14Bcel 102943
1L -Baid2 ~Bellé Tobek 759.2 1668 641.7 =15.2 3960 =l.l  31la3 0a0451 0.5963 130247 1283e6 L1al82% UaB8630 L5246 109648
5. INCS ENCA  DEV  TURN RHGYM-l RHCYM-2 C-FAC ONEGA-B LOSS-P P04/ XEFF-P SEFF-A B'-1 B8'-2 VA'-l v&'-2  PO/PD
UEGREE DEGAEE DEGREE UEGKEE TOTAL TOTAL POL  TOT TOT  OEGREE DEGREE FT/SEC FT/SEC  LNLET
L <453 -0e27 23438  #1.91 THeib  BO.T¢ 04693 QikB03 0.0411 LaTOSL 65486 8478 44.89 2296 =830.6 =43,0 3.0000
§ =Seid =0e69 17eT3 #0290 73467 85,91 0.,4896 (4725 0.0403 17169 8643 85,37 44,82 3.92 -83Tuk -54.9 3.0256
3 “Sukb =CuHB 13.69  38a73 TALZT  B86e85 04956 0al4T8 040352 LaT23T 8819 67a25 4490 6,15 —B45,0 —85.5 2.0465
b —BaB6 1e25 L1aSL  27ulé  T3.U2 94,19 O 4489 Oud382 D.0L35  La68T1  $4a63 9421 4Be2l 21407 ~953.6 -314.T 29501
5 3a90  %.47 L0a%3  L15.7) 46,09 79,75 0.4499 040387 0.0121 L1.5%80 93.71 93.29 54.37 38.66-1079.4 =349.2 2.59T1
b 3al2 1.4 1lalé 10412 61.97  68.04 0.4609 0ul027 0a0206 1a5205 87430 B6.34 57,49 4T,37-1138,7 —643,5 2.4i69
T 255 6283 9282 8a34 83,65  6Tedd 04560 (ed2T0 0.0254¢ 1a4883 €3.75 82082 5Ta42 49+08-1156.3 =675.4 Z2.4024
@ Le33 85434  6ud6  8ad3 6612 TO.TS 0.4382 0ulZ4T 00257 Ja#B353 §3.60 B2.67 56,90 #8.T78-1172.8 ~TOOL8 2.4368
3 =da56  2el2  2e869  beAT 69,55  T2,38 0.4212 041358 040308 1.4640 Ble2k 80,18 55,25 497842176 7635 Z,4307
30 =3u72  lekb 405  SaT5 69,12  T3.T3 Dohih8 Ou1l2é 040258 1e4575 83,79 62,901 56,48 50.73-1237.3 ~798.6 Z.4928
L Zedd  3.BT  BelB  5.9% 64,03 72489 0.3788 QL0838 0.016T L6850 67.77 87407 59,09 53.74-1317.9 -887.6 2.4375
TC/TO  PO/PD  EFF~AC EFE~P WCL/AL 102/701 PQ2/POL EFF-AD  EFF-§
INLET  INLET  INLET INLET LBM/SEC AOTOR  ROTOR
' X SQFT 1 %
13829 2.6602 83,98 S6.00 %2.68 1.1582 1.5792  B6.71L 89,41
STATOR 2
AUN N H» SPEED CQDE )0y POINT NO 2
SU ePSI-l EPSl=2  w=L V=2 WM=l ¥M=1 Vé=1 Ve=2  8-i B-2 Ml M2 PO/PU TO£70 pO/PO TO2/
OEGREC DEGREE FT/5EC FT/SEC FI/SEC FI/SEC FT/SEC FT/SEC OEGREE DEGREE INLET INLET STAGE  Tuk
i Het89 0eH2T 12096 B84, T BBT.6 B8648.7 B2)aT 9.7  4d.d  Ou0 0.9886 026925 246768 1.4371 1.5226  1.1929
¢ Tabed  UaT6l 119623 8669 86244 895.8 8291 1246 44.l 0.8 09768 0.7035 247120 1a4350 405398 l.1943
3 82387 D560 137929 919a2 B48.6 917al 8197 1400  A4.2 0.9 0.9635 0.7243  Z2.71ls Lati96 1.5687 141929
4 4aA78 -0,10) 1082.7 9085 B862.3 907.4 &34aT ~45.2 3743 =29 48831 (.7240 2.7875 1.3978 1.5897 1.1716
3 Le99% =0.874 89Ge2 77349 12947 T7la7 509.9 -5B.1 4.3 0.TLBL 0.6182 245562 1.3639 15391 1ul527
b 0a53l -0.B8S TH6ed 6702 636.6 608al #b62e¢ ~=52.0 4.4 046302 Ca5309 243993 1. 3525 1.514% lalebs
7 -Jebht ~0.952 774a8 64329 0626u9 G42a0 454ab  ~4R,1 4.4 0.620)0 0.5096 2,364 163435 1.4TLB  lelue?
B zieB13 ~0.99) T95.8 667.3 053aZ . 665.T #5423 =461 —6u0 0.5382 0.5292 2439860 1=3490  1.460b l.la37
9 —4adbt —Lo250 B3lel TiGSeb 085.8 71546 #69.5  =9,.3 047 QutblT 0a5636  2ed4n8 143781 1.4371  1.1427
W =52288 ~Le326 B34.3 T13.9 69547 7i3.9 #b0a5 =240 ~0p2 Oa6617 0.5598 244316 143689 La4243 leidbi
1L =0eh20 —je264 B04e2 £72.2 0T 672.2 398.T =47 —0uh 0,6360 0.5240 2438630 103950  le%%l7 leldoé
L iNC3  INCA  DEW TURN  RHOVN=1 RAHOYM=2 D-FAG OMEGA-B LOSS~P  POZf FeFF-d REFF-P  1EFF-A  EFF-P
VEGHEE OEGREE DEGREE ODEGREE TOTAL TOTAL rOL TYT=INLET TOT-ENLET T0T=-STL JO0T=576
4 533 -1.B2 12448 42,44 90,67 100,22 024197 02303 0,0320 0O.492% T4a01 T7.28 45,67  6lub2
2 —3a33 ~—l.31 1Zu0%  43.29 9268 102.36 0uACTL 042229 0.0513 0.8979 75451 78,63 67406 68498
3 =2445  Ce04 1ie72 43231 90-44 10&6.17 0.38431 G203 0.047¢ Q.90%6 78.3% Hla20 TOe68  T2e46
& —3.286 -~4.8L Toke  AQclé 97.03 107aB5 0.3283 Qul481 0.03a87 Ce9404 B5e24 ETulE 81,93  B3.07
3 —3a77 -4abk8  6a00 35.24 63.24 92.0% 0,155 Ou09Ls 00246 0.9723 84421 84,12 88,06 68478
5 —Bakd —-2.85 H.TT  AL.AQ T1e95 79,02 0.3370 Qa0582 0.0L58 0.9465 80,38 82458 85.32  Bbul5
7 =8232 -2a33  5.79 40.28 T0.89 T3.V9 0.3472 0.0519 0.0143 0.9883 79454 81, 82 80,23 81,27
o 29427 =3406 Geldé 38275 ThelT  TB.B9 03385 040679 0e0192 0.9838 81403 93.46 T9.l& 6022
9 =438 =2.68 9.4@ 35,14 T6.83 83,23 0,3089 00724 0.0213 0.94ls Ta.T2 T9.41 Teudd  Tl.i2
Al ~10.90 =4s02 LOs6l 33,72 77,39 BZ.i0 G,3GT 0a0931 Q.0274 0.9744 14aG? 71,04 TTe56  ThebS
1L -15a00 =80a91 Lla¥3 3003 T7.07  75a17 043185 Qal264 Q.0377 d.9699 7026 73456 80,49  Bla18
NCORR  WCORR  TO/TQ  PCFPO  EFF=AD  EFF—P 102/T0:  POR/FOL EFF-AD
INLET  IMLET [NLET  INLET  INLET [NLET STAGE
APM  LBN/SEC 1 x 3
10677+ 163,90 1.3029 2.5505 T9.83 aZ.2é Lel562  G.9%84 T9.58
151
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APPENDIX C

TABLE XVIHc)

{Uniform Inlet Fiow, 100 Percent Speed)

U. 5. CUSTOMARY UNITS

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

ROTOR 1
RUN NU 3¢ SPEED CODE 10, POINT NG 23
SL ERSI-1 EPSI-2  w-1 Ye@ VMRl VM=Z Vb=l Vie2 -1 B~2 [ (2 W1 =2 M1-1 Mi-L
DEGREE OEGREE FT/SEC FT/SEC FI/SEC FT/SEC FT/SEL FT/5EC OEGREE UEGREE FT/SEC FT/SEC
1 164637 184257 63Le1 1068.3 8331 &%5hoh DaQ  Bhhah . 5242 UaBBkl Ga9503  6ZTeh  T2h.3 DuB2ie UeS9iT
Z L4109 15.535 064523 1028.0 0453 65347 0.0 793a5 0uD 5045 03981 Qu®l00 6Tbe5  This4 0u8665 0.5793
3 11,745 13,587 45848 100l.1l 658,68 bbk.& e TABSS el 4Bak Qutlle 0.BBI5  Tike7 T9h.4 D0.909¢ Oub5862
4 Sek4l  Taol9 B8Vl 910eT 6890l 645.9 Qe 642al Dol GheB Dubh20 0. 7952  862.8 902,0 Lle0287 Qun0TY
5 —0u&B0 L.039 70ia7 7788 TOLaT 565.9 0.0 535.1 04l 4324 046547 0a6709 103541 10%Zab Lal&68 Cub567
6 =leb68 =1eB03 T0leB TO04.8 T0Le8 505.2 Ual  49La5 Oal  44aZ Oat548 0.6032 111840 Bhliek 1e23l6 Dusb53
T =2e219 =3.015 T02.0 72349 7T0Za0 5%%al Ual #71l.6 0u0 4047 046550 046212 L13849 Li4Bu0 1.2643 0.7476
B =3,32) -4.154 T0l.] Téé.dl TD1.T 585.9 0s0 45848 Dell 380l 0u6547 0ab398 119946 1183.1 142969 0.8010
9 =8. 101 ~Tabie 6F0.3 8l2.8 690.3 64946 0e0 48845 0.0 3649 0a6432 0.695% 132240 L12BBe.5 143890 QubBlE
10 =~%aB51 ~8.969 68241 8105 68Zal 02345 Gul 51749 Du0 3946 Qeb347 QedBTT 136247 13237 lodléh Qe85
11-114203-1042 T 6726 THBA.O &T2.4 582.1 0.0 525.2 Qe 42a0 0ad253 QubdOc 140343 1358.8 Lohho¥ Da8557
5L IMCS INCM DEV TURMN RHOVM-1 RHOYM—-Z O-FAL DMEGA=B LOSS=P PO2ZS XEFF=-P dcFF-A E'-] B'-2 YB'-] ybi=2
DEGREE DEGREE DEGREE DEGREE TOTaL ToTal POL ToT 70T DEGREE DEGREE FT/SEC FV/SEL
1 =leT9  2a82 17272 54283 #0292  51.94% 0u4TB1-04 0091 ~D.0020 1y08816 L0048 l00.54% 44e80 =k0u2% =6Z7.4 115.1
2 ~la?l Z.%9 16,80 4B.9Z #l.52  53.0L 0,5088 Ou 004l 0a000% - LuB85T3 99.TT "99.78 48,11 -2.81 -6T6s5  3Zal
3 =leS5l  Zeb0 1566  43a3T7 42407  55.06 0.5134-0uO0B% —0.0021 1eB8525 100e57 L0064 4Tu50 #.L3 =TehaT —Abol
% =0a27 3220 L2.22 29433 #3323 5%.15 0.5313 0.0362 0u0090 iel843 70,97 986.7T2 Sl.ie 21.90 - 8628 -£59.9
5 la3h 402 LL.60 13,98 43.69 4B.B85 0u5233 0el251 0u0280 140518 86.99 Bbuldé 55,86 4Le88-1035.1 -507.4
6 La%5 4423 13455 6a99 43669 43,71 0.5113 GaL6A5 0,0328 15852 §Ee37 80el5 57089 50489-1118.0 —b2ie4
T 2421 403l 10403 TaB5 43,70  AB.lé 0u8885 041197 0e0245 1e6212 86415 8520 58.79 509411585 ~676e4
8 Z.45 A.4D  B.18 B 62 #3.b6% 52400 0.4371 Q.0844 0.0LT6 14659 S0.07 5936 55,06 S5le0A-1199.8 =T24.3
9 3e37 4479 4409  1Le53 43228  S5He26 044235 Ou0958  0.0214 1.7756 69.1L 80422 6242 50.88-1322,0 ~800.0
10 3,73 5.02 5420 1121 #2.97  55.24 D4329 Culé08 0a0I5T 1a7T10 82413 Bleb6 63,41 52.20-1362.,7 -805.6
11 4.0%  %.20  B.63 Fabl 42081 51005 0udt9h GuZO096 OuDads LeTITL  TooAT Thebl 64238 S54a98=1403.3 <8335
TO/TG  PO/PQ  EFF-AD EFF-P WCL/AL T02/T0L PC2/POL  EFF=AD EFF-P
INLET  INLET  INLET IMLET L8W/SEC ROTOA  ROTOR
) T SUFT H 1
lel9lt 1.7358 89.0L B9.81 +#).81 Lai916  l.735¢ 89,00 H89.61
STATOR 1
RUM NO 9. SPEED LGOE 10, POINT WL 23
SL EPSI-1 E€PS1-2  w-1 V=2  WM=1 VM2 Ve-l 82 Bl B=2 M-l W=z PO/PO TUS Tl PGS FO
DEGREE DEGREE FV/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC UEGREE DEGREE INLET INLET STAGE
1 168e116 14u 827 10TH0 T38.9 69240 13047 82606 -18.2 5042 —do* 049608 0.6267  L.T420 Lal966 LeT4i0
Z 13751 12.996 1042.3 T35.3 &92.0 735.3 TT%.h LeB %05 Ol 0.9247 Oubiél 1eT4T2 1.1936 LaTa7T2
3 13.6L7 11e274 100824 V37T 702,56 T3T7e5 73Tad  1Tal  #bed Lew 0.9012 Gebg¥i L7545 lel9il LeT545
% BalB4  be526 93Nu2 T22.6 68240 T22ah 536,99 —~13.%  #3.0 —L.) 0.8174 Du6lo? 1.733Z 1.1856 1eT33c
5 Lla736 0.528 BO2e6 65Tel 599uL 857e3 53%e2 ~22e% 4beT =240 026933 0.559%  1.0338 Lel¥8s Leb338
b -la653 =2,400 T30a3 61640 54042 617a2 491af =30aT 4243 —2.8 0b26% 0a5246 145802 1.1750¢ 15802
T =3.086 =346i4 T48.5 632.1 580eb 631e5 AT2.4 =267 3922 —2.4 Oethdl 0e5376 145903 L1737 Le5903
B =4a 132 =HaS40  TEB.1 66546 Ol4a9 H565.5 45047 -1042 364 -0a9 Qavt2 0a5674  lubily Lal753 Lee219
§ —hukhOY —6aT6T B3Tab TideQ GTBeZ T2Zab #9lat  22al  3beb lef 0.,71B9 0ubl20 La6753 lei036 ben793
10 ~To 149 =Todds B37.3 73242 85543 713laé B52lek 345  3B.6 Ze7 QeTL2¥ Qebl58  1.68%0 laii04 Leos90
M ~8.124 ~Bu238 Bl3aT 6857 6lbul 68544 52903 =20a8 40s7 ~laT 0a0879 05720 luodoé 1e2288 Labiss
SL INCS  IMCH DEV TURN  RHOVM-] RHGYM=Z O=FAC OMEGA~B LOSS=P  POZ/ KEFF-A TEFF=F LEFF-4
DEGREE DEGREE DEGREE OEGREE TOTAL YOTAL POL TOT~INLET TOT=INLET  TuT~3Tu
1 =230 ~0el% LOa%3 51,65 54447 87489 0.4694 0u 849 0.0337 0.9263 87434 86427 87434
2 =1+33  LuOT 11.37 48,37 8847 58,15 Qetdn2 0u1395 D.0295 0.9409 89,20 90400 B9 20
3 -3.08 -0.30 Ll.TS 45,08 57,34  8Be89 Cad250 Q1277 0Qu0282 d.9478 S1el5 91e81 9Lel5
4 —3.97 0,35  BuZl 46,09 5Ty 67426 03899 0. 0T34 0.0179 0.9738 P1.02 92423 hati
5 ~3.80 1l.2é .32 43,69 50.98  59.8¢ 0.3625 040220 0.0062 0.9938 B4 .23 BY,25 Bhaz3
& =270 a9 £a31  A5.0T 4balé 55,52 03621 040395 0.0113 0.9903 79.80 61403 1980
T =5a63  Da25  4a%  41.60 50,29  56.85 022545 CalOd% 040302 0.9745 81.57 82471 8la57
8 =TaT3 ~1.58  8.55 37,75 53,89 60.09 0.3208 O.l084 0,0322 0,9720 84250 85, 50 4450
9 =82539 =liTL 12431 32T 59,92 64,36 Ou3149 0ualB69 0.0583 0.9436 THed9 T9.8% 78,39
10 <6433 0,72 14s49 35,90 57,14  S4a46 0u3109 Ou159L 0.0503 0.9545 T3e2% 75411 T3.25
Lh =4.93 2,22 11.857  42.4% 53.30 S, ST 0.3T54 Q42133 O.0883  0.9422 65497 8220 0597
MCORR  WCORR TO/JO  PO/PD  EFF-AD EFE-P TOZ/TOL  PG/POL EFF-AD
INLET  IWLET INLET  INLET  INLET  INLET STAGE
APM  LBM/SEC % 1 T
106T4s 18320 1.1914 L1.6731 #2.43 8382 L.1916 Cua9b39 B2e63

152

viol vi—
FT/SEC FY/SEL
5689e%  6B5.D
93%a3 654a%
7% bbb.c
1lbDhe2 6564¢
W1c50.% To0.0
1220.0 300.8
1355,0 871.2
439040 93l.c
L%31.3 1030,5%
152346 101848
4556ai 101648

FOrPO

ENLET
1:8810
18573
18525
17843
l.b516
145852
leb2li
len594
LaTT50
1+7716
1,737}

T0&/4

Tal
l.1986
lsl536
4al9ll
Lalb50
1a178E
4elT50
Lal73T
lel?53
142036
Lalilh
le22B8

TEFF-P

TLF=5TG
BBWET
90.00
91,81
Y2edild
B5.25
Bl.02
HZ2.T1
85450
19,89
T5aLli
6B.40



AOTOR 2

5L EPSI=1

DEGREE
1 11.532
& L0 70D
3 9.757
& B35
5 Qeléd
& =2.597
¥ -3.7932
b —h; 698
9 =t 57T
0 -T.105
L ~7.979

SL  INCS
QEGREE
3.4
~hohd
=4 TR
=2a 96
0.7%
3.07
2.85
1.75
=0431
=0.80
1.73

DO m D BN

-

EPSi-Z
DEGREE
11.185
10.001

Ba8b)

S.482

Oatkl
«lahad
—Zah b
=455
~5.978
-t TT8
-Te 945

INCH
DEGR EE
Ou 38
003
=0.22
i. 83
9. 23
Ta4l
e 92
2% 1.1
237
1. 28
343

STATOR 2

SL EPSI=1
DEGREE
Ba 596
Ta kbl
be 64
3. 853
1.500
0. 057
=Cad24
=1z ToA
—&e 507
10 ~5.544
11 =6,29%

CET WM WN e

INCS
DEGREE
—is88
~la%2
=1.17
-5.55
“4alb
~2s TS
=282
=-2295
-3.13
10 —4.47
1k =3l.a3

in
-4

LA R TR TR

EPSi-2
BEGR EE

Qe 729

0,542

[P¥£.1:]
=0 b0
-l.111
=1.169
1,137
~l«109
=1:308
=1.358
=1.275

INCH
DEGA EE
-1.30
Ca 80
1.33
-1l. 48
la04
3a 4
3.8
3226
3.57
Zakl
—4e 34

NCORR
INLET

V-1
FTASEC
63L.9
837.5
Bhta 8
117
LLIT%
T304
7361
759.0
8079
620.3
783.2

DEY
DEGREE
19.82
15,09
11.98
Fudd
Talh
T 63
[ Y3}
3.82
Qo b
208
6al5

v-1
FT/5EC
122¢6.8
1208. 7
118648
10850

9l3.8
B27Ta3
§13.5
827.6
ast. 4
.3 P
83249

DEY
DEGREE
1l.87
14.21
1l.78
Yab2
Ta¥d
6400
.12
6,81
10.82
12.88
13.57

WCOAR
INLETY

APN  LBNFSELC

10674,

182.20

KUN NO 94 3PEED CUUE 10. :?irl w:.t; " Vi
¥=2 ¥M-1 ¥H-i ¥é-1 V-2 a8=~1 B2 H-1 . o Fd -1 _u-z - - i - —-e
FT/SEC FT/SEC FTJSEC FT/SEC FT/SEC DEGREE OEGREE FT/56C FT/SEC rrfseg F;;:E;
1169,1 8317 798.5 =~iTe7 B8led  =le2  ATa7 0oT152 0u9648  B32.3 07320 le022% O.6aT9 1189, 5843
1172.T 837.5 7T8Z2.0 1.8 B873.9 Oal 4Ba.l 0.7215 L.950% 855 4 6?1.2 1-0395 0-0:?3 qubct Thiai
1152.3 8hbad TTB.S 1T.3 BéF.s 1.2 4Tek Ja¥3lz Qw9350 280e1 F10s2 La0k3IB U.03386 1§D§.8 180a6
£054,0 84%.5 T788.9 =13.2 699.% =0a9  4leb 0aT358 0u08526 955.4 97048 1l.1156 0.6750 5288 ugg.;
88402 T79.9 65546 =229 593u3  =lu? 421 0.8722 0.T057 1059.2 LOSH.5 1.1493 0eeal? 1333.9 805,
T97at T29.B 578.0 =3D.T 54%.8 ~Zak 4345 Ueb269 0ud326 111201 1i0%.2 La1638 0.635% 5956.0 80&.?
TB4aaT TABat 5T1e2 —25.9 53841 —2+0 32 Det325 Oobidl 1138,8 (12943 1.iB37 Oawblw A?T'-b ElZai
7909 T58s9 58527  =9s6 $43e3  =0s7  4ie6 0s6532 0eb336 L1657 115420 LeZ040 CebTll i39940 Babai
82%.3 BOT.6 &l0.L3 220 585,56 let #ied QubT03 OubhBl 1Z4T.4 L230.& 1.25?? 0-?%55 L46Ta0 w098
Biltel B8l9.5 £1T.0 35,1 549.4 Zuk &led DubT6T Dpbdbd 12Th,8 1156.9 lelticl QuT3%l 1486.1 9iB.5
T9he2 T82e9 063948 =iDeT #8525 =leS 3549 Q0599 Cesibl 120Za4 1208343 1a2953 Ga8085 L537.4 103843
AHOVM-2 D-FAC OMEGA~B LWSS=F  PO2/ REFF-F REFF-a Bt=1 B'=2 vE'-1 va'~y PO/PL
Dz:::E Rrova-s TUTAL TOTAL Pal 0T T DEGREE UEGHEE FT/SEC FTISEP INLET
46,13 T2.58 Bha30 QuiS048 Oulibds DuDIBD 1.T7992 BT7.TE8 88473 43,54 -9.58 —850.1 Bed 3al342
44,27 73.19 86,17 Q.5199 alS46 00381 1.8029 8850 BT.52 45.56  L.27 ~854.1 ~-1T.3 lilae
41.11 73499 BT7ub6% 0u5206 041260 0.0301 1.,8006 90,364 B9.51 45.36  4u45 -862.8 =607 3.1550
29,77 T3.45 F3.08 CudFAT 00679 DuGlEd  Lo7579 93.90 93,39 48,79 1902 —Fabab ~27]leb 30482
18.83 A6.5% The 20 Ds5273 00894 020207 146858 9)heC0 90432 54422 35.37-L0BZ.1 —4b543 2.7470
13459 62413  64HeTO Da5362 Oulld® 0a0ZAT 146445 87465 66297 5Tuév  43a84=114209 =555.T 245998
1Y.77 o2.99 £6.0F Du%200 On1282 040272 Lad214 Bo.09 E3ull  5T,72 45,95 1164.7 =591,3 2.058c4
11,00 A5.28 T0.09 Da5189 0,135]1 0.0293 1,6129 85,04 84,01 57a13 46.13-1L75:.3 -5610s06 246192
8o70  68a03  T2u48 045056 041493 0.0351 La599% 82,77 0le60 58,50 47.T4-122427 -6Then  L.6432
T«&T &B.lD 73207 Du#900 Ua12%3 0.0300 1590} B89%,01 &4.00 56,40 487312359, 7 -TOTei 246930
Tk GALTZ  T5e4T7 Do 4404 040TAZ 040173 16094 90.68 90a03 59.24 S5Le8l=l32321 =Bl7.7 Z.6413
1010 PO/P0 EFF-AD EFF-P NC1/4AL TQ2/TOL PQ2/PQL  EFF=AD EFF-P
EINLET  IWLET  INLET 1NLET LAM/SEC ROTGR  RGTOR
] X SOFT T 3
14057 248180 B4.5Z B63T 42.74 14797 le6dal BBebT  BF44T
HUN MO 9+ SPEED CODE L0, PGINT hu 23
V=2 VH=1 Yo va-L ve-2 B=1 -2 M=l W= PO/PO tasia PUFPL Ties
FT/SEL FT/SEC FT/SEC FT/5EC FT/SEC DEGREE DEGREE INLET INLET $TaGt 101
8285 66247 82845 87243 =2ud  A%.s 0.l L.OOLY QuBAZé  2.9404 1.44T2 leoTil  14209:
8413 842.8 B40,)1 BsbeD #3.5  K6.0 Falt 09856 De8541  2.948E Leb432 1e48T8  1,c006
86549 Bl4u6 BAS.E B43LB LAl 45a5 0o 0e9681 046773  3.0123 lad3ad LeTLT5 L2038
B2Ta0 B3Le8 BuTe0 896aT ~Te2 40e0 ~-0a5 0.8813 0.0510 2.9568 1.4072 17033 s.ldss
6B8le8 095.3 0Blui 593,0 =28.2 40wt —2a% Qa7ILE 0.5338 2+ 7065 1. 3875 Let5%8 141771
592.0 81748 590.% 53042 438 4lab  =4.2 06580 Jet6ld 245777 1+3806 Letdld  1e1750
5TBedi 609s7 576u8 93825 —6he  Alad -4k (a0409 Ou4511  Z.5612 La3766 1e5il0%  Lal129
608.8 62343 60348 544e5 ~IbeB  Mlal  —3,3 026583 0.4721 2.5932 La 3786 leS9%0 1.l73.
48,7 650.7 a48e6 55846 Tk #0.7 QeT Qu8755 0.5016 o631 le4122 Lla56b%e  1eiTwe
65502 660.8 65408 5527  26.l 4040 2uk 06762 Qp3048 246311 Ledide 1e5540  1,1670
6324 5B9.0 532.l 46840  i8sl 343 leb 0.6512 0s4880 2.59i9 1e4257 15623 lalbG2
TURN  HHOVM-1 RHOVM=2 D-FAL OMEGA-B LDSS=P  PO2/ REFF-A LEFF-P TEFF-4  REFF=p
DEGHEE TOFAL TOTAL POl TOT-IMLET TOT~INLET  TOT-$T6 FuT=-51G
45,73 90.4b  L0AHF 04851 0ul503 D.0340 0.9289 T9.49 82425 7500 16472
43,04 90427 106483 0a%608 Qa 1377 0.0317 ° 0.9362 ala27 B3edk ToaTl  TBu4d
AhaSh BLlo5% Lll.64 Duk38Ll Oel036 0.0243 0.953C 4490 67402 Bhedd  Hl47b
#0.51 9607 10841 O.40l3 040802 0.01599 Q.96481 B8.82 Q. 37 BYas9 88435
42482 Bleta 8640 D.44AE Qu0b54 DJGLIT5 0.9800 84459 86 56 Hohbe  BTuT3
45,86 T2.35  T5.95 DuABAR 0.04%4 D.0122 0.9886 8134 43483 05424  BbeZ2
45,86 Tla6l  TAe27 D.%885 040305 0,0085 0,9926 Ble37 83.80 83489  Bo93
A4ad0  TI.50  TT.89 024673 0.034% 0.009% 0.99l2 B2a42 84,58 B2.4%  B3460
#0402 T35.99 8lal6 C.433L GuOT2E 0.0214 0.9808 16497 T9+62 Ta,04  I19.3a
37489 T0.83  81.73 O.02l2 Qu0B64 0.0258 00,9773 Teat® 18400 978 Bl.00
32+60 T9.461  T8.30 0.4000 Ca07le 0.0214 0.9823 Ti.18 1644 66,75 87,58
FO/T0 POSPD  EFF=AD  EFF=p TOZ/TAL  PO2/POL EFF=-AD
INLET  INLET  INLET INLET STAGE
] t X
1a4087 2,748 82.02 B4.34 Lel797 0.9737 03,80
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APPENDIX

TABLE XVII({d)

c

(Uniform infet Flow, 100 Percent Speed)

U. S, CUSTOMARY UNITS

ROTOR

v
L3

ePil-i
JeGREE
Ansdid
lLu.%87
+2+3083

s 009

Ua 124
Ve 84
~iaF02
—-a 213
=1 Tan
iv ~%a 380

Lo T o W N

1

EPSl=2
DEGREE
LA.251
15.84
L3.628
Jja0l8
1a348
=1435¢%
=2atl4
-3.828
-1ek60
-d4. T34

la=ia¥51-i0aldd

i LNGS
UEGR EE
~Lla37
=Lsdb
-1.07
Ouk 3
LaBl
2240
2edd
Zo4T
3.35
b3
LT

FPOOT SFEUE e

-

LINCH
DEGR EE
3,24
de0n
1,04
34860
4220
4.28
4a32
Auhd
4. 17
495
LTV

STATOR 1

[
4

EPS =L
DEGH EE
LT« 399
Li.588
430509

8a193

1= 605
=ie390
=Za 502
=3. 59917
—ou %43
=7s383
=Ha2bb

-
FEUESNE U R

w
@

INLS
VEGR EE

Q.97

Oelks
~Lel3
=Q0a93
=Ueld
~la2%
hEIEE]
=5.39
=Z+94
=3.25
~3alb

FOOE NG CE R

-

154

EPSI=2
OFGREE
L9740
12.873
Alalae
fa4é3
02572
~2.0%8
-3l b4
~& o D04
=4adl8
=T.10%
-B«036

ENCM
JE GR EE
31.08
2e 55
.50
2.T9
4s92
4.32
2adih
[ 1]
3.90
3.84
401

NCORR
INLET

v=1
F1/5EL
28,4
b4led
453.7
684.9
Tal.5
T04.8
1057
Td3.%
a9%.7
6877
6709

DEV
DEGREE
4,71
15.32
13%.¢2
1l.74
11.20
1l.de
8.79
T.04
.50
484
.13

=1
FT/SEC
1os4.0
1027.1
1007.6
SZluk
207.0
Totad
17%.0
TE88,.5%
4202
B4%.4
G294

DEV
DEGREE
8.1
10.41
12463
Sa58
Tadd
Sa92
Tale
Ta53
12.3&
14289
10.40

WCORR
INLEY

RPM  LBM/SEC

10740,

183,20

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

RUN MU B89 SPEED CODE Q. PUINT NG 3
¥=i VM=-1 WM-2 vé-1 ve-2 B-i B-i M-i H-2 - u=-2 AR Mt=]
FI/SEC FT/5EC FY/SEC FT/SEC FT/SEL DEGREE DEGREE FT/SEC FU/MEC
1059.6 &2b:& 6ULeb 0.0 122 Colt S5.4 Du5T96 0.9373 0iled T3048 0sH22T Qe54T0
1018s20 64042 6147 Oud Bllase 0.9 5249 045931 C.B972 G807 Tébel QOeB&5G 0.5432
995.4 653.T7 o%0.2 Ga To2e4 Cel 5040 0446063 040754 7292 60Led 0.9085 050662
03,7 84,4 6L0T.4 Dl 6692 Dul  4TeB Qu63T3 GaT849 d68.1 LTe6 1.D293 0Q.45568
T6.2 70le5 535.4 0.0 57547 Uul  ATal Dut343 CubT31l  [044e0 J049.0 1.1716 Da6il8
Ta4.5 TOheB 521.9 0.0 529.6 Ol 4523 0a0578 040359 1124a9 1L17.T L1.2390 D.6736
15647 T03.7T 55449 0.0 Bl4.5 Dol 42,8 0,45387 O,86467 Llboel L355.0 1.2723 Q.7242
T46aT TOBad 584.0 00 49649 G0 #04% 046585 Qu6502 (130743 1190:4% 123052 Q.7760
T95.2 69%al 583.2 Ual 3408 Qa0 4240 0.04T6 046721 1330al 129643 1.3969 O.8469
823e5 407.7 6040 0.0 53,7 0D 42T 0.440%5 0,693% 1371.1 L1321.9 1.4287 0.6260
000.3 &T8.% 57745 Qe SSbked Oud 4347 Qe6317 QubTle 141240 L38T7:2 La4578 08304
TUAN  RHOYM=1 RHOVM=2 C=FAC GMEGA=B LOSS=P PO2f REFF=P XEFF-A @B'-1 Br=z var-1 yE'-2
DEGREE TOTAL POL Tar rar DEGREE DEGREE FT/3EL FT/3SEC
58.26 40.73 484 0.53TL 040233 0.0050 1.9038 96.80 %8449 A3,001 -13:.25 -631s2 léla.5S
50,79 4i.31 50.88 D555 Q0074 0.00L7 L.8858 99,58 #9455 46256 ~4223 ~6060.7 45.4
St 4la8a 54433 05910020331 =0.0079 1.8965 102,07 102,27 &1.94% Iuh9 =~T29.2 -39.0
20,21 43,08 53,38 0.57T42 040323 00,0080 1.8343 97,47 9786 Ble63 2143 -B68,1 —-238.5
14s56 43068 40212 00,5696 0i1101 Q.0248 1.7429 289.88 B8.73 560403 4l.eB-1041.5 -473,3
Fo 83 43480 ATaT6 05302 041040 040218 1.7243 89.32 BE.49 57493 48.40-1124.9 -590.1
92Tl 43.83 51la2l Cad984 0u0T48 0a0159 L7500 92.16 Flabh 58,81 49.10-11lb6.]l -840.5
G178 4,82 54,53 Jenall Oi0A34  0.0093 L.T883 95.33 54,55 59,68 49.90-1207,3 -693.6
1010 4Judh 3434 0.4891 041263 Q0274 1.0324 84.7% 85.62 62.40 52.30-1330.1 -75%5.9
1la45 43.18 56233 CGuad908 Quldll Q0315 1,9003 B5.58 Bae2Z 03434 5l.88-13T1.1 -772.4
S8 #2.A83 53.72 Q4319 Qildad 0,0358 },8747 D2.96 BOLIT  44.29 54.49-1412.0 =812.8
TO4T0  PO/JPO EFF-AR  EFF=F WLL/AL Ta2/101 PGZ/PGL EFF-AD EFF-P
INLET ENLET INLET IMLET LBM/SEC ROTOR ROTOR
L] 4 SQFT 3 ]
12044 1,8231 Fl.2% 91,94 #l.8l L2054 181431 Flade 91.94
RUN NJ B+ SPEED CUGE 10, POINT NO 3
V-2 ¥u-1 V=2 vé-1 ve=2 - a-2 M1 R-2 PO/ PO TO0/TD PRSP0
ET/SEC FIJSEC FY/SEC FT/SEC FT/SEC UEGREE DEGREE INLET INLET STAGE
452.7 435.0 65le4 653.8 =4l.a ] “3.6 Q428 Q5487 17794 le2043 1.779%
G34.5 64Ts0 oS4hed T9lal =Fab 5lal ~GaB 0.9064 0a5315 1.7882 lel992 l.7882
663eT 6TLal 06342 T5lal 2641 48,2 ded 028880 058605 1.8033 1al1900 l.8033
460al £39.1 640.0 83,7 Jak 46.1 Qo3 045022 Cu5575 l.8008 Lel9=B l.8008
albs2 Sbbeé 60%.8 5T4aT =22.1 454  ~lel Qa06927 D.B1l34 147333 lel 934 la73123
S78e3 S554el 57Ted 53040 -3uT 43,7 -3.4 Qab56l Qe4860 leb925 le1901 l.a925
611.5 S584.0 611.0 S515.6 -i3.7 415 mlal Da06T4 Q5154 1.7231 1.1908 l.7231
6382 Olleé 83T #98.3 -2l.l 362 =le¥ QadTo? 0.5393 LaT514 lalb%e 1.T7514
69241 61349 G9l.8 54149 .8 “lat le8 006952 0,5764 1.80%% le228] l.80%99
656al  033.5 £93.9 56346 35.3 4).7 29 0aTLTF Qu5T9L l.8171 lua2ig9e l.8171
44802 812.9 G4b.4 558.8 =28.2 42a5 =143 Ou0%81 0.3330 LeTo20 laoit43l leT420
TURN  RHOVM=L RHOVM=2 D=-FaAL OMEGA=B LOSS-P Pez/ REFF=A SEFF-P REFF-A
DEGREE TOTAL TOTAL POL TUI-1NLET TOGT=INLET TOT=5T6
5%.34 81,00 63259 0a5512.0414%5 0.0305 0.9334 BTu55 BB 50 8155
318} 33.23 Eaad8 0.8227 041265 00,0269 0.9478 20460 9le32 $0.60
462 0C 56447 65066 Gu4930 0al2lT 0.0268  0.95)3 91,58 S4.06 3456
45,79 55.48 65442 0.4539 020528 0.0GL2% D.9817 91.87 GheIN 93.87
4T7.45 S0.31 59.4% 0.4422 020203 040038 Oua9943 UTal2 88,4l 8T.72
47.17 49%.93 59.%4 0.45854 0,0788 0.0219 0.9008 85,31 [ L] 85431
43,49 D3.24 59042 Ou4l92 0,0846T7 0.0232 Cu¥775 88 88,57 88412
%leld S6.41 6335 0.3876 0L080% D.024d CQu9T78e 94.53 9245 1.3
39,83 54,38 bbat2 0.3387 Qu 0478 0.02T4 0.9157 Bl.63 83.407 Bls63
38, TT Béads GBel9 0023793 Qali43 040488 0.9532 TTe%8 19. 26 TTe4b
43,00 56.09 60485 Du4530] Da219L 0.0701 Q9392 1ial7 Thedd 12417
TO/T0 POSPD  EFF=-AD ERF-p To2sT0L rOZSPOL EFF-AD
IMLET INLET INLET  ENLEY STAGE
X L] %
1.3054 1.7708 A&.20 47.32 12054 Ce9T02 1628

vi-i
FT/5EC F
B89e%
G3heh
§79.3
1105,5
125547
1327,5
1363.0
1398.3
L5300.6
153349
156647

FO/ PO
ENLET
L3038
l.885%
1.8965
l.8383
LeTH29
1a7243
lai546
LaT663
L8324
le®Qi5
L.8787

Tt/
oL
Le2 042
Lei992
lul96d
les94d
lei934%
lal90.
1.5908
lala9e
ladiby
1.2399
La2431

XEFF-P
TLT=-5TG
86.50
9132
4. 06
ELIXELS
Bd.0l
86433
88,97
92a15
83.07
T9:26
Tha2o

wi=g
T/5EC
bi8.0
LICTE]
ohlah
65246
Tideb
TS au
84T.5
KUY
95447
G603
99740



ROTQOR 2

. RAUN NO 8y SPEED CUDE 1Us PUINI MU 3
Su cP3l-l eP§i=2 V=1 V=@ ym=l  VYM=2 Y@=l  Vé-2 B-1 a-2 i w2 -1 U=z Mtwi Mbe]
JEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FU/SEC FT/SEC DEGREC DEGAREE FT/3EC FV/5EC
L oadeded LLe06T T2F¢l Llélat 72820 T54eZ <—40e3 858.3 ~3.2  4B.5 Q6175 Ou9lee  BATLS  6T8u% 009658 0.6059
¢ a0a502 FaTéh T36ek Li28a3 T36sl 72343 8.7 83,4 -0a7 59,9 046253 (49050 Békel o96.8 O.9579 025818
3 FekBe 8580 TA9.4 LLLG.D ThB.9 TOT.d  2%.3 45343 19 5043 0.038% CuB8932  BBSat  9E5.9 049715 0.5714
4 5.832 54189 756.4 1019.3 7384 V108 2.2 1306 0a2 4548 06470 CuB15T  F6ked 97648 1.0025 0a6019
5 Usddl Dab25 TOTe0 88408 70646 620a7 =—22,2 43025 ~1la8  45.4 Qub003 0,69685 1065,8 10&5.1 1.10D15 0.5982
B =Zs562 =LabT9 5697 9289 608e9 56605 =344l 6023 -2.9 4067 0.5674% C,0487 1119.0 Lli2.} 1.1295 0.5578
T 3,699 —2.737 652.9 Hi0a% 652.5 5592 =23.T7 600.2 =2.0 4740 0.5682 Cov428 Lla5«9 113643 144538 0.6071
6 vaewdd =3,623 Tl2eh 82729 TiZal 558eb —=2le2 6110  =LeT  47e5 GubD62 Gub4?5 11729 116Lul 1.18231 Ou6132
Y =5.83% 5,622 T6Ted 03848 T6TeS 57747 dle9 608.1 la6  %be3 DatbtT (ob489 1255.1 L123B.0 1.2234% 0.4612
id —Ge2TF ~ 62865 THieZ 842.6 780u3 5%4ab  37.2 5%.48 2T 4449 025549 Cu050% 1282.7 126ke3 102322 0e09Q2
Li =Toiald 7,499 Thlel 843,7 T4leS 855,33 —28.0 53042 =2.1 2847 046186 0.8502 1231044 129162 122755 Qe TT43
5. INC3  1hCH UEV TURN RHOVA-1 RHOYM-2 O-FAC GMEGA=-8 LGSS5-F  FPO2/ XEFF-P ZEFF-A B'-1 &%=z y8'=1 vE'=2
UEGKEE DEGREE OEGREE DEGREE TOTAL TOTAL PO} TOT TOT  DEGREE DEGREE FT/SEC FT/BEC
L ODefd 5,08 22407 48457 6Be4S 86235 0.5213 GeldTl @u038L 1.6045 B8«bl &7.63 50.24 Lo67 =87T7.8 =220
£ =0ul3d  4ed2 16e4A5 47,05 6954  Bheal 0.54646 0,1628 Q.02380 18050 808,83 87,86 49,72 2.63 -H69.9 -—33.4
3 —ledl 3417 AZuA)l  4huCE TLL00 G434 D0u5547 Qul3T9 040329 140006 50430 89,48 4595  4.80 -850al =60.6
b o—dedd kel F.54 32,57 TheaB 87,93 0.5384 041085 0.0264 LeT48686 914080 90433 51,67 5910 ~958.1 =24bec
3 deB3  Gel0 42T 22.00 £5.85 TT.T4 0.9388 Oul34G £.0313 J,4532 B7.55 8860 57400 35.00-108d.0 —d3deé
> S5e54 9a85 5.75 1793 82.28 T0u90 05704 QeloB8S Q0372 126709 B394 J2eT4 59,88 41.96-1153,3 ~-509,7
T wew?  Bu3T  #a8D L5.61 6888 TOWIT GLS5TOL Col936 Qu0426  lat4d2 80.94 T9.58 59,38 4327511695 =536l
d  4e13  TohQ  2.l8  Lée6T ATW1B TOL1é 045780 042283 Q.051d 146319 T1.3& 75,71 59,17 #4.50-1194.1 ~550.1
% sadt  JaB4 022 10966 T0u8%  T2427 0u551) 0e2089 (o495 148138 TTo97 Toedd 57497 47,32-123342 -629.9
L2 QeSp a4 lad2 Yabd Ta23  Thadd 025272 0e1T1S Ce0416 1406179 Bhedé  A0.05 37,74 40.10-L245.5 =647.5%
li 3=33 5403 3a38 1l.B1 6886  BZ.TY 0 ATHO Oallle Q0277 1.6740 87,860 Bae&T 60,84 4%.03-1338.% =T60.9
T0/T0  PO/PO EFF-AD EFF-P WCE/AL T02/10) POZ/POL  EFF-AD EFF-P
INLET INLET IRLET  IHLET LBW/SEC ROTGR RUTOR
] % 50FT ] %
Lle%35% 3.0008 £4.32 86.51 #0a.62 11909 La6945 B4.55 85.85
STATOR 2
s oePSl=l ePSI=2  v-L V-2 WM=l W2 ¥B<L ve=2 B-1 -3 =1 RU:—zu 5'935550 Ewer:?;ummrPgﬁpus
WEGREE QEGREE FT/SEC FT/SEC FT/SEC FI/SEC FT/SEC FT/SEC DEGREE DEGREE INLET IMLET STAGE
4 Bebdl 04820 1170.9 T23.6 807.9 133,5 84Teb6 1245 4beT la0 0Gu9449 Go5624  3.0364 le455Q leTaTy
¢ Tudd? Qe704 115445 T48.3 T75,0 T4Bed B55.6 1547  48.l la2 D,3314 Q45757 340757 Lek4v6 1-1215
3 8a549 Qadd2 LL3Tel T74e3 75622 TT6u2 849,22 1lhat  48.5 Qe 0e9L85 (a60AT 341418 Ladh 05 L.?#35
& 3aT6L —0u483 L0445 7359 7400 T35.9 T727.8  -Zuk w642 =0ui 0.43B& 0.5711  3.0830 lek2ed 1.710%
# del3) ~0u57F G0Be9 61849 E55.3 BL8e% 629eV ~2646 #3497 =iu5 Q.T194 0477l 246908 1e4153 Leaes
b —ueld4 =0.982 B5lub H54LL  60hed §53.3 602e6 =294 4340 —3.0 Oebb9B 0a%292 2.6003 le#158 1.6555
T =1a037 =C.938 H485.6 551.5 5%4a8 551la0 601.0 =~22,5 45.3 —2,3 D.6843 O.423. 2,7963 L4140 les2as
2 =4e 9] ~0.944 85347 572.2 59448 57Le¥ 612Za% =1Tod 45,8  ~=la7 Cutib5% 0.4384  7.3207 1e4228 l.ﬁLZE
9 ~3a097 ~12243 86940 61448 HiTek 614aT 6h1a5 121 448 lal De6TAZ (o4668  2,85088 14563 1e5809
10 64079 =la2ll B73.5 62944 037el 629.0 6003 20.8 4.4 1e% Qu6THO 0.4772  2.8682 L4632 125767
sil =0u670 -1.246 B84l 4380 T0I.0 637.% 532.7 1348 37.3 l1a2 046823 0.4831 2.8709 latb84 L:szqv
S INCS  INCH DEV TUAN  RHOVR=1 RHOVM-2 C=FAC OMEGA-B LOSS-P  POZ - - -
. UEGREc DEGREE DEGREE UDEGAEE TOTAL TOTAL $f égh&rrﬁﬁa; ?3&&
i =te8d -CuZd 12,79 45.467 S0.%& L0046 025339 031222 0.0276 OuP465 aL.T5 B4.33 T8 84
£ O3 2465 12.48 60,85 88457 103.42 0.5.08 041082 0,049 00,9535 83.61 Boal2 ao.as
3 lads 4.34 11,469 AT.64  G8.3T 108,80 0.4918 040774 QJ01BL Q9673 8755 89436 83.82
* mla32 2454 10413 64442 $1a)T 104,15 0u4T1S Cal05TE 0.004& 0,9786 89,50 9100 86034
3 ~0aB6  4a45  Ta86 46,32 8000 86439 0.5159 0u051% Q.0L39 0,9847 B4a54 87,00 8418
6 Uabl 8239 Tal® 48403 TAL36  Tou58 De5556 040492 0.0136 0.9812 Ala 94 84431 !1.10
T le03  Teldd  1.83  47.59 73467 Toe2l 0.5540 Qu0501 Q0140 49,9672 8lalé 416 rs.oa
B Le¥a  Te9h 8237  A4T.54 T3.72  TH.08 05385 CL0493 00140 (.9872 k.21 83.70 T4 1B
¥ Uud8 Te48 QledD 43,465 T6.05  B2.B8 0.4960 0.077% 0.0227 0.9797 Toe3l 79,46 72451
A0 =la0d  5.82 22467  #1.90 THetib  84a38 0,4T63 Du09T1l 0.0287 0.9743 T5e448 70, To 5070
Il =Be#5 ~1a35 13,17 36,09 28.91 85,09 0.4528 0ul2l5 10,0382 0.9675 T4.T2 Thall 81:21
NCORR  WCORR 70770 POSPO EFF=AD E#F-P TOZSTOL  POZIPOL EFF—AD
INLET INLET INLET  INLET  IMLET IMLET STAGE
RFM  LBM/SEC 1 ) § 1
L0740 18320 1.4335 2.9304 B2.24 84a67 11309 0.9769 80453
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vi=]
FISSEC
1i40a 4
1L3%a5
114045
Lidla9
12973
£333.2
1359.¢
139043
1452.6&
L4s9.7
153041

PO/ P
INLE
3.211
3.429
3a24T
Julbs
P T
2,835
2u835
2atob
22915
Zuibl

Vi=g
FT/S5EC
75445
Tatal
1i0.2
15242
7577
76241
TlaeT
18440
bS5%.T
69401
100%.9

¥]
T
s
3
&
5
Q
a
&
6
o
]

Ze9637

Nacd
Tal
1.4040
L2082
1.2048
1,1903
lel859
Lel 897
leibe2
lelosy
l.l900
lalEi9d
leiBl4

1EFF-P
TGT=-5TG
80438
Hl 4%
85403
8T.52
B3.27
82439
79249
T5.84
Thatd
TTe2s
8250

155



APPENDIX C

TABLE XVIl{e)

U. S5 CUSTOMARY UNITS

R

A

4
[ 4
3
*
>
o
T
]
£l
u

OTOR

ePsl-1
JeGREE
voeTds
Lwanid
L, 228

Buiald

1a@3g
~Ua a2
=lsadyd
3. 045
=~ 72538
~da 249

&P5S1-2
JEGREE
Lade305
Ls.922
43.7G8

1.887

1 odeB4
"1 ad4B
~de5086
=3.720
=1.387
-debbd

li=aue 303-10,0T8

L

* wno—

L TR T TR

o~

L
¥

O R DAY W BR

e

ANCS INCH
JEGREE UEGREE
=dus3 e 36
“Quwl Ja89
=dal?  3.92
L =35 ha 52
Za36 Se 04
tedl S5+09
3403 Seld
3.23 J.20
balle Sa4T
4a32  Sabl
L1 3a15
STATOR 1

2P3[~1 ePSI-2
JesHcE UEBREE
wda kdd LeaTT4
L3 135 124907
130802 arelh55
deiws 52378
LeT3s 04550
~Le i2 =dellB2
~2.05% =3,118
-3 nP6 -34962
=2 430 =pu 272
~Tahid =T,061
= da 308 -3a.011
LACS LNCH
JESREC UEGREE
La2d 3.1
Le+3 Ja83
Jadd  Ja68
Jali 75
Lakd [-PRY-]
Quld Se 78
~1e?T 390
LEFY-5 1 Za5%
~le3d S.54
-La8F 5. 18
~laib  4a9%
NCORR

INLET

156

AFH  LBN/SEC

19676

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA
(Uniform Inlet Flow, 100 Percent Speed)

RUN NO By SPEED CODS 30 POINT NO &
V=1 V=2 vE=1 V=2 biad) V=2 B=1 B=2 M~1 Mz -1 U2 Hi1-1 M-I
F1/SEC FT/SEL FT/SEC FT/SEC FT/SEL FY/SEC QOEGREE CEGREE FT/SEC FT/5eC
605,00 1036a0 60%.0 3873 0.Q 833.5 C.d 5545 Da5584 0.9159 “2Ten T2bed Do BOA4 0u5312
ElTa6H 9944 HlTes 5B83.2 Q.0 8065 Ou S4al 045707 QatTe2 6T6sb Tolet QuB405 QuSlel
6298 973e9 6298 59T.0 0.9 Te9.0 Gal 5241 045828 048537 Ti4.8 T98e7 De80BS QuS524k
658,56 BH8.1 656,46 S5Bbad 0e0 Gbbub 0.0 4Be7 Qu&ll3 0y7704 Bb6ie9 G02e2 1400T7 DeSudid
&T753 77523 4T5.3 Silbed Qed 5TBe4 Dud G8ez GotlBl Qabb3l 103543 1042.7 1.1%97 0.5939
6TB.E  T43ed 6T8a5 51040 Lol 54lal 0.0 #6a7 Dubdih 046338 111EBa2z 1113.0 1.2470 Q.8531
6TP.4 T75le6 079%.% 539.1 Qa0 Sid.8 Oul 4442 Du6I2Z Dubbhl3 115% L1 1i%3.1 1,2502 Q.7036
61943 T8l.0 67943 564.0 da 5ll.0 Dal 4242 Cab32] O0ab45T [2G0a0 118343 1425831 07492
$89.9 T9249 £0%.7 56547 Ol 555.0 Oul S4ah 0.6227 DubbBb 132242 L2BBaT 143777 Go7BOT7
€537 BlS.9 683.7 584.5 Qa0 56Ba9 o0 h4al Ceblod DuoBél 13e2e9 132349 14080 OabU31
65545 T95:5 6555 SbheS 0.0 56045 Cel  4%aT 046083 Qatbbd 14C3a5 135940 1a43735 Q.B8195
DEV TURN RHOYM=1 RHOWM=Z L~FAL CMEEA-B LOSS5-P PQZs ZEFF-P IEFF-A B'-} at~¢ VE'-L VB*'-Z
DEGREE DEGREE TOTAL TOTAL PO TOT TaT DEGREE DEGREE FT/SEC FT/5EC
i%.73 58,06 39,T! 4788 Ou5424 Qo006 G001 18837 99,88 99564 5586 12423 =627e% liTed
15.22 51.8C 40,32 48,83 0,5743 0.0164 0.0038. Ll.8667 99.08 99201 47441 ~9.39 =o6T8.0 459
l4.18 44218 40,87 503299 0,5782-0,00L5 ~0,0004 1.875% LO0D20% 100a1ll 48463 2e b5 =Ti4eB =27a7
12417 30. 70 42,08 52419 045880 0,0207 0a005L 18375 FBe%3 FH430 52455 Zha85 ~862e9 =235.3
11.4% 1%.91 42,71 4T405 0o5TB9 Ga09F) 040221 LeT557 9080 90a1i 56488 41.96-1035.3 ~q4443
10. 94 L1047 42.8% 4Tald 0a5430 040972 Gad205 147490 S0.41 B%.b4 SH.T5 4BaZB=1118.2 =~570i.9
He BB 10s%2 42,87 50.41 Gu5098 0u08BL D.0144 LaTTT8 930l Fiebb 5%bL 45.19-1159,1 —62444
Ta14 10.47 42.88 53428 04837 Da0461 Q0099 Jo0008 95,22 54482 50.47 50,00-1200:0 ~672.3
S5.49 10.81 42.51 53+44 0.5054 0al204 0.027% 18814 B7.2T 84ell 63409 52429~1322.2 =733.1
5.15 11l.85 #Z.24 35439 05031 0.1363 00303 11,9256 B6.42 B85.13 6800 5241513862.9 -1535.4
4.28 10.30 #1.93 53088 024997 041340 Qe0329 129043 84424 B2.TT 04493 S4pebd-1403.5 -T798.5
TO/t0 PO/PQ  EFF=AD EFF=P wll/AL T02/701 PO2/POL EFF~AD EFF-P
INLET LNLET IMLET INLET LBM/SEC ROTOR ROTOR
1 % S0FT L] L]
1a2066 1.0373 91477 9243 40.88 le2085 L. BIT3 91aTT 92443
RUN NU B¢ SPEED LUDE LO« POINT NO &
v-1 V-2 VH-1 VH-2 va-1 ve-2 = B-2 W=l M~-Z PALPO TasT0 PGSPU
FISSEC FTSSEC FY/SEC FI/SEC FISSEC FT/SEC DEGREE (EGREE 1MLk T INLET STAGE
LG3Bak  Glbel blé&eT Al5.8 B35.5 -5 53.7 “~1a9 Qu9LB4 0.5115 LuTb42 Lal$Bo LaTo%Z
LGO03.0 &LlHed bl5a3 6iBaB 7T92al LI 5243 Oed QeBHIY Ge5203 La7T734 1u 1970 1a773}
9837 02740 62745 02Te3 T5Ta5 0.4 S04 beod Q03635 Ql5202 Le T8 leiieh LaTB06
G03a7 629¢3 615.7 62921 oéled 15a7 47.0 ek 07855 Ca.5305 1.7914 1.193Q Le79lo
T94e3 504a9 54545 5849 57Ted  =5a¥ 4b40 ~Qab 046808 046931 1. 7348 lel935 L.7346
Tére8 5800 B53B.5 559.6 Selab -2243 4522 =243 046525 Qe%693 1.705% 1e2932 L7055
71243 598.% Shéet 598.% 524a8 S5l 4228 Qb Qubb05 Q.5031 Le 7425 Lel929 leT8s5
THl9 b24ab 59045 0294 Sliaé 12a7 41490 led Qatt91 Q45264 1a7895 le) 941 laT655
Bléud &TTe8 595.3 bLTbal 55%1 .8 4323 4e0 0.6904 0.5845 1.8275 1.2308 L8275
B80T 6B2.2 615.% B30l STZ248 54al 43.1 4a0 047090 U.5850 1.8352 Lel24id Lats352
82342 6£30,8 598+8 062303 S64e9 =25.2 435 —de3 046920 Q5205 1. 7820 lazdh> Le7B20
DEV TURN  RHOYM=L1 RHOYM=2 L=FAC CMEGA=B LDSS-P PQ2s IEFF-A ILFF-P AEFF-A
DEGREE OEGREE TOTAL TOTAL POL TOT-INLET TaT-JNLET TCY=-5TG
10444 S5a64  50.18 60483 05681 01506 0.0308 0(.9367 d8.50 8936 8850
li.62 5l.88 5l.08 6labd Qu5432 Q.1204 OaQ20h (.9a298 90.18 5093 Faid
12.24 48,57 B3.le 62453 (u5213 0.1233 040272 0.9525 91.70 Fiadh 9. 70
1C.TO 45,61 S4aZ) 62400 QehTIT 00726 (a0lI7 0.5757 93.87 Qire I8 93,87
BaT3 47.19 49.l46 57.79 Gué&l3 D.0431 DC.OLLA QL9888 BB. 05 5892 Bda D5
TeOB 47,45 49,22 5493 0.%767 0el001l 0Q.0280 0.9752 E5426 804 33 85.28
987 42415 SZeni 59,07 0.4%229 00862 0,0252 0.9781 65+ 09 89489 35409
10.59 39,84 G514 6hel% Qo392 0,0834 040248 (9782 Fi.l8 9L 85 Jlal8
14.52 39,33 S55.47 65,79 0.,3494 0.10%7% D0.0340 0.5702 81.37 -3 B8L.37
léad3 38.51 57.44 @5.TH 0.2878 Qu1b6BT Q.08%32 0.95%19 78400 T9.83 TE« D&
li.02 43.71 85,82 60s5L Qed64Y QuZ3bB [.07T58 [,9353 T3.38 TSab2 73,38
WCCRR  TQ/TO PQ/PG  EFF-AD EFF~P TozsTob PO2/POL EFF-AD
INLET INLET INLET INLET 1MLET STAGE
k] kg X
179,10 1.2066 1.7766 B6.28 687,32 l.2088 d4.%670 86.28

vi-i
FT/5eC F
§Tle0
Fhéas
S60.2
108545
12364k
13M&.4
1343,5
1578.9
i4Bga2
i515.9
154940

PO/ PU
INLET
18337
seBBOT
18759
Lag37>
L7557
Lataye
Ls7778
Led00s
LaB3le
Ladibh
15085

Tuz/

ol
lLal98b
Lei%70
bal965
Lai330
1a1935
121932
Lak%i%
basoal
L.230d
Laitid
laz#h43

XEFF-P
IGT=3T6
89.50
5093
G2434
Gy 34
Qd.92
B6.33
89,89
.85
82.86
79,83
T5442

vr-u
T/5cC
&00.9
5Bée3
LR
&3& i
LT LY
Tooes
B e
877t
Gabal
95540
977.9



ROTOR 2

v
b

- e
R E SNO U F - [l F M G D W oS e

-

Efsi-4 EPSI-d

JdoakkEe
Lisnli
ids i
e 483
3a0il
= va uu?

~daTB} =183
-dnded ~2,928
“4 343 - 740
~de T3d -5a612
~aa k2] 8,198
=~ 7w 3% =Tee30

LdCa
JEGREc
isab
dudie
Ja22
dand
raln
Gelw
LTEL
EPY-T8
Lei0
Je
dals

STATOR 2

PSI-1

JEGR CE
B 022
e 335
ou4ls
34 984
se idd

-u= 137

~ha QU3

-Za 027

AT T

~oad24d

“oeTad

N3
JESREE
Ju2?
Leud
Land
Vedd
Pel e
-1
3.52
Sael
E
Q.38
=Ta 47

=2

FT/5ec FT/SEC F

654.9 LL1T. &
693eT 1iD3a 3
T0Ts0 1088s8
119.% 1008k

V-1
JEGREE
Lead37
F.T26
daksT
P11
Jatdtd 673e8
6hiad
73,5
€9245
T4la &
8243
123.7
iNCH oeyY
JEGREE DEGREE
S+ 97 21.05
5229 loa27
4.BC L3.48
Sabi 8.95
Ha81 5.80
L1d«%8 458
dakT .41
Tak2 1.00
.84 0442
2683 Qu6)
Sek3 2457
E¥SI-2 Vel
JEGREE FT/SEC
0e835 1144.3
Qe Th4 112848
0u.538 1113.0
~0.185 1030.8
~a6l% Gli.l
~0-837 860.1
-daBlT B54.5
~daBbh  Ghhab
rhalh9 BT4a5
-i.335 882.9
“hal2bb BB9.2
INCH DEV
VEGREE DEGREE
ia83 12.58
4aQl 12.7&
4,17 I2.13
4eldl 1064
[-TL ] Bals
Tah3 Ta72
Yo 51 B3
Sub¥  Ba93
974 22,01
Te2t 1279
-0.78 12.99
NCORR WLORR
INLET IMLET
WPM  LBM/SEC
10416, 179,10

889.9
837.4
830-7
839.9
B4 5. 7
8513
85243

TURN
DEGREE
50s45
%8.35
Shad2
34408
2384
19.72
164 5%
15.48
1l.3L
10.56
13.02

TO/10
INLET

14350

-2
FT/SEC
6699
Tos.8
731.2
703.8
59%.8
S4Ze0
540,40
55944
59%5.8
618.1
@279

TURN
SEGREE
4 Tatsts
791
%T.03
45.58
%801
48,54
49+ 60
48269
45,00
42083
3680

T0/70
INLET

1+4350

AUN NG &4 SPEESC CJDE 10s PUINT
VM=l YM-2 va-1 va-2 B-1 8- H-i H-2 =i U=¢ ME-y
T/SEC FYJSSEL FT/SEC FT/SEC CEGREE GEGREE FT/SEC FT/SEC
68% 6 10746 =13.8 B65.1 ~ia7 50ua Go5THS 0,898( B37aé ET3.. 0.9239
8937 GBBaY 4s3 BolaB Qo S1led 045873 Qu8861 G56e 0 %la 089299
TOTe3 5986 1948 634a?  leb  50ull Co6000 08752  8B0az 104 0. 9445
T19.T 682.1  15.5 T42et  heZ  #T.% CebliZ 048066 45506 970.9 l.0Ub2
TS5 G0l =53 B655.2 =0ab 4Toh GuSTOD (a7024 1G5%% L058.7 1a.000b
bthled 56340 —22.8 619,3 -zl 4Te? (a542L Cab507 11102a3 11035.% 1,100«
&Ti. 4 53%.1 Ga5  £32,0 Jat 4925 0.5TQL Cob6514 113940 112%.% islibé
69Za% 5484 1249 634el Lat  49e% 0e5870 0.65T6 1lb5ed Li54s) 1.1399
Taéa9 560ul 4tel &833.7 EN 48at DeB2TT 040539 124Tet 1230ed iaiB59
Té0a2 5858 56.6 ol1.9 LY hba3 046371 Ca0S5T2 12750 12568 1laez0D2
TE3e2 65TeB 24,9 54).9 —240 3943 0.60LF Gab569 1302.5 1283.4% 12572
RHOVM=1 RMOVM—Z D-FAC OMEGA-B LOSS5-P PO2s REFF-P REFF=A 8'=) at=2 L3200
TOTAL TOTAL FOL Tav T0r LEGREE UEGREE FT/S5EC
&%,51 Bledbd Qud4ld 0 1745 0.0398 1.792% A8B.47 BTaTl 5Sla.li% Deb5 —852a3
oba52 B0.TD D0.5584 0.1617 040377 1.792% BYa33 8Be%i 50.80 2e4S =f51a8
8T 68 B3.4%5 0a54TH 0a1245 040296 1.7900 9la%3 90.T0 50.57 balid =Bole®
68698 Bhehl 0.5520 0ell3B 0u0278 LeT413 90456 90422 5ie58 iBe52 ~940ai
6394 T5238 0u5745 0a1459 0.034% 1.6948 B7.09 86,10 57.7L 33.82-1085.86
4C.B2 T0u%E 0a5T7%% 0alTl2 Ge0D385 1a6691 64212 82494 6091 &H0.7%=1135.1
S4s2%  6Ta78 05677 0e2012 0.0451 1a6346 Be80 79443 59,26 4Z.67-1132.%
bhekS 59,14 Do583h Da2175 Cal435 1ab30b T8498 TTe49 98.59 #3.32-1152.%
TOulé  70e20 0u5639 0u2109 Go0505 146038 7Ba35 TéuB6 57457 4bebT-1200.5
T0uTC 73476 045359 0u1T32 0.0427 Le6i83 Blab9 80kl 57e86 +Te25=12i8s5
66,52 83431 0a#766 Oullo8 040294 1e6TLo 67426 8631 6la25 48.23-132Te%
POJFO EFF-AD EFF-F WCLlrAl FO2/TQl PL2/POL EFF-AC EFF-F
INLET TRLET INLET LBHRfSEC ROTGR RGTOR
] £ SQFT % H
23,0026 84,46 Bbobé 39,80 1+1B93 1,690  BAB2 65.89
. RUN NG 8, SPEED COGE 1O, POIN
¥M=1 Y=< va-1 Vé-2 -1 B-2 =1 H=g PGIPG TasTu
F1/SEL FF/SEC FT#/SEC FT/SEC DEGREE DEGREE R INLET [ALET
T58.9 5893 8544% 12.8 48.7 Lol Qa9229 Q.52&6 3.0002 le#451
737u5 T05.6 B54e%  §Bs5 494  1u5 0a9098 0.5425  3.0359 1ob417
TazeT TH0 828.9 164 4B.3 Le3 Du89T7 G.5646 3.0908 Leh349
T1BeZ 70328 7394  #e0  #5.9  0u3 0uB271 0.54%4 340400 14189
£35.2 599,33 6EShes —~2Z2a.6 45,8 ~242 DeT2LE Quedbl4 2« 0977 la%aT3
596.T 542ul 193 =23.7 4820 =245 Oeb76% CedlST 246207 La4lay
5Thel 53947 63249 =1Tad 477 —1o6 04707 Gu4137  2.8172 1e4175
583+% 5592 063Te8 =1i,5 4145 —lad Osa78& Ca%2B3 2483950 L4226
598.9 598.7 637e3  A943 4648 16 Da6T61 0.9538 2.8708 144555
62Ted 61747 62hed  2Lad  44s8 240 0u6837 (a%679 245885 Lo%B53
T03eh &2Ta8 She.0 1la8 7.9 lel De&B79 C.4T748 2eB8928 be#?02
RHOVM-]1 AHOVM=2 Q-FAC OMEGA=B LCSS-P  PO2/ BEFF-A IEFF-P
TOTAL TaTaL POL TGT~1NLET TUT—-INLET
85,70 95,53 045034 0.1204 0.0272 0.9490 82,48 84,93
B4uBZ  9B.48 0,5450 0al059 Ge0Z44 Ja9559 F4alb 86,40
87.19 103,16 0.51%58 0.0808 0.0189 0Q.9670 §7.08 B, 54
87ubE 100445 0.49T6 020582 O.0l44 (.9788 89450 50.99
TEu5E 84,43 0,544% 040541 0.0145 0.9040 84,79 86.85
7379 T5.73 045772 D.0495 0.0137 d.9869 B2.09 Bhettd
71428 7524l 0.5810 0.0517 0.0145 029865 82,14 B4u51
Teabd 78,01 Qu565¢ 0a0568 0.016% 0.9650 81,68 6429
73,95  Ble#4l 05235 040846 0.0248 0.977¢ To.18 79.37
T7.76  83.06 0.5023 O.10585 0.0312 0.9717 75.1 78,95
8740 Bée0 0.4725 0.1289 0.038% 0.9650 75,04 78441
PC/P0  EFF-AD EFFP 1027701 PQ2/P01 EFF-AD
INLET I:LET I:LET STAGE
5
29313 02,32 84,74 1.1893 0.9763 20465
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LIP A
hi-1

DuS6bo
D.5538
0. 5049
De5758
Qe5T22
De5836
Ga5753
Oe 5308
Geb329
Debad 50
UaTobl

YE1-2
FT/SEC

~bal
~29,6
=755
=228.5
=403.5
=486l
—h5T 45
~510.0
—595,9
~b3fed
~Tales

T RO 4
FUOFPL
STAGE

L+ 7C00

le7l3s

leT31e

L7071

lat£&99

l.6532

Lebl8o

Lat 069

La5735

la57328

lael8?

SEFF-A
TOT=5TG
T5e2Q
80.85
Bi e b5
L1711
83456
8l.27
TTeTT
75427
T2.96
1915
E0usl

Vi-g
FT/5cC F
1093,2
1d3ce
1iid«8
11439
1260a0
13048
L13iTen
13449
14&13.9
1436,
iS5iaaT

PUFPO
INLeT
Jainie
200790
31985
3allTy
243361
28552
248574
-2+8883
2493860
ZePb09Y
249938

Tocs

Toi
14205%
Leil4é
Lel99c
Laltdn
lejaTh
laibw?
ialéns
~elGl5
LeiBal
leabli
laiBl?

REFF=P

TOT=5T4
§let9
B2.43
8377
B7453
4479
ddu55
TSedd
ToeB5%
Thand
Ttet
Bla?4

V-i
1/ 5kL
T07 40
63%e5
TAeat
TaFel
Tiwa?
Tuwiab
T3348
P50en

81645

cobbeb
%P1a3
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APPENDIX C

TABLE XVII{f) — OVERALL PERFORMANCE AND BLADE-ELLEMENT DATA
{Uniform Inlet Flow, 100 Percent Speed)

U. 5. CUSTOMARY UNITS

ROTOR 1

SL EPSI=L EPSI=Z

DEGAEE DEGREE
1 lé.888 18.441
2 14.208 154180
3 11919 l4.042
% 5,979 Ba409
5 0e213 2.082
& —lethd -0.719
T =ia63% «2,07%
8 =3,929 =3.alb
9 -Ta985 -T1.350
0 -9.402 -8703
I=10.899-10.128

-

w
=

INCS ThLM
DEGREE DEGREE

1 0e26 4,87
2 De35 4a b5
3 Oubb  hubh
- 1.70 5417
H .89 5457
3 Ja3l 5.5%
7 3.52 S.&2
8 3.73 Sa08
§  Auk8  5.90
10 4.72  &a.01
11 4o 9T el

STATOR 1

SL EPSI=1 EPSI-Z

DEGREE DEGKEE
L 184335 15,043
2 Lléa16D 13,410
3 14,152 11.859
4 B.B9% T.535
5 2,750 2,008
& =Du24Y -0.519
T -1.632 -1.637
& -2,822 =2.819
9 =418 ~5,8652
O =T 277 -baT2h
1 ~Ba259 =7.084

=1

FT/SEL FTSSEC

589. 2 1034.0

602a1
El4n5
Shbe 1
66342
b6 T 0
566al
668e1
45 9.0
&53.7
6h5e 9

DEV
DEGREE
16498
los83
15.5%0
Il.t62
L2 -F
10.20
Ta59
Se65
LEL Y
3,55
&e32

v-1

FT/SEC FT/5EC

kQ3se0
9950
97B. 2
%1023
Blée2
T18.2
I92a8
#0640
840.2
87246
862.2

DEV
DEGREE
775
LTY-1]
10.87
10.%8
7.58
LTEL
.08
Vabt
13.81
o200
Fa95%

WLORR
INLET

RPM  LBM/SEC

5L INCS ENCH
OEGREE DEGHEE

i 0.51 2. 62
H D.45 2,88
a Cal2 3.00
L] 0u3B 410
5 196 Ta0L
. 2455 a.18
T ~0a23 Sa A
8 =l.97 4a17
L} lo11 Ta99
10 O.40 Tad3
11 ~0.30 6483
NCORR

INLET

1407040,

158

17T.10

RUN NO 9, SPEED COLE 40s POLAT L .5
V=i Vi1 YH-2 ¥a—-1 Yé-2 B-1 B-2 M-1 M-2 [V - Mi=] Hi-[
FI/SEC FT/SEC FT/SEC FT/5EC DEGREE DEGREE FT/SEC Fi/SEC
569.2 5975 0.0 B43.9 0a0  >WeB Q5429 G.SM4T 628,95  77deD CaT94L [e5354
§93a2 60Zel 55940 Dol T92,3 0,0 5249 0,5558 0.8743  €TBei  Thie3 0e8387 0u527%
69,0 Bl4.d 605e% 0e0 75645 Uel  5le% 045677 0.8499 Tiba5 T9845 de8T90 0,533
59%.5 &hhel SdB.% 0s0 87540 0.0 4849 J.597T0 0.7745 Bohe T 04 e 999% 0o5%70
T99.7 6632 524l Dell btlha0 0.0 4951 Qo0 0a£0831 133Ted L0454F Leld35 U551
T5B.2  667.0 4954 0ol 5T4u0  GaD  #9.2 Q.6496 0406438 1h20.T LL1h%.6 1o2Ll¥ O.6é32
773.0 66B.1 538.1 0.8 555.0  0e0 45.9 05209 Qu&5Té Lllékef L150s6 Le2954 QesE3U
T86e1 66Bel 56745 0e0 546l  Dp0 %38 046209 0e689% i20Ze8 LiBbel 142766 0.7293
Bléud 659.6 550a8 D0 5973 0.0 4649 Oubhia Ca0B50 132542 L25Le7? 13743 0. 7466
BhBal &%33.7 583.7 Dul 615.3 0«0 4bah Geb065 0. 7096 13b8.0 32645 ie®(S50 Ocl?ﬂl
835,01 645,9 573.86 0.0 BO740 Dad %645 Q59T Qp6967 Ll4a08eT 136241 La%34% Qa79ll
TURN AROYM-1 RAOVM-2 O-Faf OMEGA=B LOSS=P P02/ XEFF=P XEFF-A B'=L B'-2z VE'=1 V¥B'-2
OEGREE TaraL 7vYorvaL POL 1T TaT DEGREE OEGREE FT/SEL FT/SEC
57a64 39,05 4867 025257 040008 0p000F 14B7T6 99457 99,97 40e64 =11¢00 =6i8.9 Lida9
50,94 39a06 49,91 0.5525 0.0007 Da0015 L.8566 99:63 99.6k #B.l1 —2o77 <6TBal 294U
45,59 A, S5lukk D.5625 040013 0.0003 1.8588 99.92 99492 4%e56 3,97 -726e5 -4240
31.90 #loh?  51.87 D.5B54 0.0438 De0108 1.8327 96472 G6e4e 53420 21e3l ~Bb4ed =ZcFai
17431 42026  4Tolt Qo5925 021308 0.0300 1.7686 88a28 67432 57.4L 40.09-103Teb —dalal
11.70 #2.3%  S4.56 0,5760 0.1555 0.0332 1.7456 85,12 83,93 55,25 47456~1120s7 ~54lec
3220 42046  AS.4B D,534L 0y 1168 D.0254 1,7828 88.56 BTebk 50.10 #7.90-116l.d =595.8
12.44 42.4%  52.70 0.5071 040947 0.0208 11,8182 90456 89475 60.95 %8a51-120ie8 64240
12,31 42.10 51.53 D.5395 0uiB54 0,0412 L1,8889 82410 60e45 63a52 51e2l=1325.2 6943
13085 4l.86 54220 Da5368 004923 0a0442 1.9473 81,77 8001 &&ck0 S50.55-1366.0 -Tikes
12,84 4Llu56  53.36 0.5295 042022 0u0452 1.9399 $0.40 78,52 65,30 52,67-1406sT 75544
TQ/TG  POSPG  EFF=AD EFF=P WCL/AL 102/T0L PO2/PQL  EFF-AC  EFF-P
INLET  INLET  INLET INLET LBM/SEC ROTOR  ROTOR
3 T SQFT 5 3
La2iod 1.8630 6B.10 B9.07 40.22 ledléh  §.B430  88,i0 §9.07
RUN NO ¢, SPEED CUDE KOs POLNT WU i%
¥=2 VM-l Ve yeel  WEe2 B2 M=l M2 PG PG 1L/ TG0 PO/
FY/SEC FTJSEC FT/3EC FT/SEC DEGREE GEGREE INLET LNLET STAGE
Glbal B20ul &Lik.D 8262 —4%.4 53,1 “~hob QuILTI 0.517B Le?S52T 14978 17527
615.8 527.4 &15.1 T76.2 =2T.8 51.3 =-2.4 0.6B08 0.5183 1.7803 1.1940 1.7603
62402 633.7 62442 T45.:2 5.2 92T 0u5 0.B592 0.5256  l.7T4é 10938 aa7746
62540 6loaB 822.% 669.% 131 47.4  La2 0.7910 0.5243  i.7807 1§57 1.7607
$85.5 583.1 5B8Se2 602a9 —1Te7 475  -1lo7 U.7004 0,4897 1.7380 142025  Le73BL
58247 5250 Sthal S5T4ud =296  47.86 =3.0 Oet622 0a%692 1.713l 1.205% 147131
S593.3 56%a7 59342 588u1 —13.0  4keb ~led 06737 Qu496L L.T42e ko048 laTech
816.6 59322 64Ba8 54546 245  42eh  UsZ 06876 0,5080 1.7692 1020710 luTo92
558,01 58744 b55T.0 6008 38.0 5.7 343 0.T088 045519  1.6250 LeE480 lodg5B
880s7 6l&uk 67B.b 619.5  BZ.4 5.3 Aok 0.7323 0.5595  laB4al L2624 Lebhal
&H4lul  B0Te5 64040 611le7 —37,.5 45,3 ~3a0 0.TILS (u5245 lLe8024 le 2651 lasOib
TURN RHOVA-I RHOVM-2 D-FALC OMEGA-B LOSS-P Pa2/ XEFF=A XEFF=P LEFF=4
DEGREE TOTAL TOTAL  POL TOT-ENLET TOT-1MLET  TOT=516
57,64 30.89 60,33 0.5722 01587 D.0323 (0.9333 88,15 89,02 85445
S3.86 3Z.0L 5£0.8% 0.5494 Gal306 0.0277 D.9482 20433 91405 90433
49,27 53a48 52,02 0.5238 Da1l84 0.0261 0a9547 9ieB% Yzoht PYores
46218 S53l.84 BZ2.0% Q. %884 D.OBd& O.0208 O.9714 9L .49 Slelh Fie k9
49.19 49.24 57.53 0.4904 Oa0620 0.D149 0.9827 54,43 85,58 By w3
50,59 #Ta13  S4.53 0.4989 0,077 0.02i4 0.9809 80,89 BZelb 80449
45,81 31,38 58,17 O.4619 GuOB85 0.0258 0.97T66 §3.87 85406 83487
42,39 5446 60.8b 0.4332 0.0968 0,0287 0.9737 85,46 86a56 8546
42,46 53,61 6434 0.4188 Oul2l2 0.D378 0.9630 75451 TTahb T5e5L
40e91 56,22 65,06 0u4294 0,183 0,0580 0.9448 Ti.56 T4, 78 Tie56
40,70 55.62  60.98 0.4996 Ouléld 0.0T72 0.9294 59.06 T1.41 69,06
TO/TO  PO/PO  EFE=AD ERF=P T02/ToL  POZ/POL  EFF-AD
INLET  INLET  INLET INLET STAGE
x x b
1.2164 1.T757 82.29 A43.64 12164 0u9634 82,29

¥i-i
FT/SEL F
Edlet
Y0u. %
55145
107844
1é3i.5
13042
134042
L375.9
AhEDg3
151443
154Te 9

PO/ FPD
INLET
L8775
L+B500
kaB568
L.B3ET
LeTodé
1aTw5%
heaTEZE
Letlog
L,BEES
Le9473
19399

10/
ToL
141911
lei980
Llel938
141957
la 2025
Lea05%
LecO%2
12070
La2h80
Ledbis
le2651

XEFF=P
TCT=576
89.03
9104
G2ekb
2«14
B3.58
26
B5.06
656
TTedd
T4 78
T1.47

vi-g
TFSEC
S08a0
53947
0B %
Hliad
&B5.0
T4l
80Z.8
B5&.9
BY0.0
P20k
Yebad



ROTORA

%
F

EPSI-L
DEGREE
Li.58.
10. 769
%.832
B G001
1a 545,
~1. 078
- 2665
-3, 177
~%.313
-6y 182
=Tu518

Ll -0 T

-

n
-

INCS
DEGHEE
3alb
2ath
Let?
lutS
4202
6ald
499
3.89
La28
Tatd
3.38

FPOOCEO NS e e

el

2

EPSE-2
DEGREE
1140497
Ge 88l
8. 855
5.362
La117
-1.070
-2,088
=2s945
-5.293
~Galhb
=7at57

INCH
DEGR EE
Ta58
Ta09
6. 04
bakS
.19
10s4%
9. 07
TaT0
296
2460
5.07

STATOR 2

SL EFSI-L
DEGREE
L. 580
Ta 50
fa 605
EPR L]
0, 803
=0.537
~1.294
—2a 24t
=5e314
=ta Lol
—bethT

PO E=NTVE W

-

'

INCS
DEGREE
150
3a15
3,83
2439
1.1}
1.240
2439
4.09
1.34
=la%0
1l =104l

-
GOT OB F N

EPS]=2
DEGREE

Qe h82

Qe8I

Dabld
-0.022
=0,736
=0a857
~ Oa U9
-0e95k
=la282
=l.31L
-1.228

iHCH
DEGR EE
A.l2
5.17
6.33
ba26
Babd
499
8438
10.29
8.05
Sakt
=330

NCORR
INLET

y=1

¥=2

FT/SEC FT/SEC F
671a5 L1024
67T & LOBB.E

APM  LBM/SEC

10700«

670.7 LDTSa2
TD3.1 996al
67Zs4% B73.8
thTa2 818.2
67042 B13.%
o9lad 820a0
T51e5 B836.1
TT2.0 8369
Th3.T Bih.8
DEV TURN
DEGREE OEGREE
Fiy L 52404
16252 49.8%
13.02 46,33
892 3492
T.02 22.83
bako 18415
“e T8 L5.82
2.6% 14.27
t.21 L1075
1.57 S.38
434 10. 89
TosT0
LNLET
Led&d7
¥-i V-2
FT/SEC FV/SEC
1124.3 b40.0
1109, 6 66342
1095.3 691.0
L01%.7 67T %
B94.5 590.0
B4l.3 G4i.8
837+9 539.5
B4B.1 55%.4
fbbe0 B1l1e9
86%29 626.2
Bbhal BL%.T
DEY TURNM
DEGREE DEGREE
11.89 49, 95
13.41 48,00
14232 4T, a0
10,19 48,08
Tabl 4Es 45
Ta T2 q8.08
.77 %8.02
10.31 4T.93
13.0% 4la28
16,02 3%.01
13.95 23.31
WCQRR  TOJTOD
INLET INLET
1772140 ladad?

WML V=2 ¥é=L V-2 &-1 B-2 H-1
T/SEC FT/SEC FT/SEC FT/SEC OEGREE LEGREE
S69,B bBied ~48.4 B66.7 =4el  SlaT Qe5672
5Tbef 68543 =2Ta7 Bbla¥ —2a3 5242 0.5133
6907 &5%a8 4als B9 Qat Szl T.585%
TO2.9 647+8 13.3 TS50t lal  49e% 045961
67242 2%2ak -17.2 642.6 -lua5  4Ta3 Da56ed
Ghbed 555l =300 80lel 2.7 472 (.5435
67040 S54Ged ~L%a2 60BN =le2 4Bs3 O0.5864L
£5heB 52748 1.9 627.7 a2  #9.% 045830
T50e6 5The5 3749 6l0.3 29 46,47 U.6280
TT0.L 593.8 Shed  589.7 4al kol Qoabsl4
T4ZaT 65848 3722 490§ =249 30649 Jsbled
RHOYM=L RHOVH=% O<FAL OMEGA=B LOSS=P POEs SEF
TGFAL TOTAL POL 10
b4e16  TBaS59 Du5774 002188 0.0498 1.793T B3
65.07 Thell 05925 042073 D.0484 1,7973 B4
bbeS2 79,0z 0.5906 0,169 0.,0404 1.7959 384
6Ts%% B0k 05826 0ul280 0403%2 L7320 90
63.62 TH99 Te5T59 Guldléd 040504 lao996 88
40485  TOu4D 005694 0, 1409 Q,0309 l.68)6 86
43eht  GEeB5 Da5776 Dule?? 0.0304 Ll.bbLs 24
5.5 5731 05920 Oul%65 De0435 L.63532 21
49,50 73,08 05449 0, L1469 0,0348 L.64T7T 84
T0e59 Thul® 03134 (al0i3 D.0247 J.cA43 68
6Tah9 B8.90 Ua#5ks 020565 Ol0137 lasé94 53
PG/PO EFF=AD EFF=P WCL/AL TO0/TOL
INLET  JINLET INLET LBNWSEC
3 % SOFT
3.0215 B3.17 85453 39434 L1877
VM-l VM2  VB-i V-2 B=1 B=2 =i
FY/SEC FT/SEC FT/SEC FT/SEC DEGREE OEGREE
ibot  B40.0 858.0 0.9 5040 Cel Ged0LS
TOBel 6626 B%a& 2948 506 Zats 0e889T
699e7 5897 G4ZeT  Ale¥ 5045 3.5 0.8750
eBlal 6779 75325  =~leb  4Be0 —0s1 048110
B23e%  BET.h  442.0 =2T.0  45.8 =246 DLT04S
58843 54242 60led —23eb  A0eb =245 Da05T9
57521 539e3 6094k -~13s2 Abeb  —~lok Q6545
561.7 555.0 0296 2.0 484 Oei Os5585
6hled Blle2 BHl3ed BB 45a2 2% Uab0B83
6367 B25+7 59247 35.5  43.l 3.2 OatT04
70042 b29e3 #4980 2242  35.3 240 Out851
RHOVH=1 RHOVM=2 O=FALC GMEGA-B LOSS-P P02/
TOTAL TOTAL POL
82451 BB,92 D.602T7 Qs 1390 O.0314 Gu9429
8le9l 92479 0.5730 0,1185 0.0273 0.9522
Bi.f3 $T.b8 0.5412 0.0937 0.9219 0.9628
83.7  S7.18 Du5219 Q0672 040187 D976
T8e06  B3,58 Du5866 B.0550 0e0L4T 0Cu9843
T3.75 16.23 056537 00473 0.0131 0O.989%
Tia3t T5:65 D.,5563T7 QaGS0T Q.0142 0.9873
The02 T7ubb Du5512 0uGA0D 0.04T0 0Cu9849
17.03 83003 Da491% Qul020 GC.029% O0.3734
8047  BS.1E Da4T09% QallT2 0.0346 0.9695
89,30 8542 0.4386 041196 D0.0387 09693
PO/PD  EFF-AD EFF-P 1024701 POZ/POL
INLET- INLET INLET
. ] X
2.9%06 80.98 B3.39 L1877 0a9752
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RuN NO
M-2

Oe BlL4
Uu 8705
Cs BbOG
Da 7933
Tub863
De 8383
Qe &34
Cud3Ts
O, &h3k
Geéhs
Qe b3ls

s SPEED CuUE 10+ POIHT Au 1w

u-1
FT/SEC
By h
8579
88243
9577
iQobldl
Lil4.9
li4led
Ll68.5
12504
1277.%
L3055

F-P IEFF-a B'-1
T 10T DEGRE

«89 4.8

a%3  85.2T 525

wed Mi-l
FT/5EC

BT5.1 Ce9361
69304  Du9%34

512.5 Ds 9467
973.2 0. 9983
106L.1 1.0OT15
1107.9 lel04L
113241 Llak2ée
Lis6ed 1al43l
123344 1a1870
1259.6  1a1993
LiBbek  1.2875

Bi-2 vE'-1

Hr-i

Gabas?
Qa3325
Qe300
[«PE-T1 17
Oa50%5
QeS80
-1 T
[+F3-2: 111
Oensus
Ou 6517
CeT8bE

Vo'~

€ DEGREE FT/SEC FI/5eL

52.T%  0uTO =88248  =bah

9 Ze T0 —B85<b -31.3

263 BT465 51482 Sa4% =0TTaT ~03s5
219 89438 53,81 18.8H =45 ~zloaS
a3T BTa%8 58409 35,26~1079,0 -4}8.5
w89 85,90 60a52 #243T=1lde8 ~500,.9
w10 B2e93 59856 %4s04=1155.8 =5z3.7
+ZL T9265 5927 45.0h-1lbbeT -52%.i
«T9 83468 38:09 47.30-1212.5 =623,
#S01 A8,09 5Ta83 48.25-1223.6 =609.9
49 F2.479 &04,8% 50.00-1342,6 -TETF.>
POZ/POL EFF-AD EFF-P
ROTOR ROTGR
L 3 3
L7016 86.T2 8T.&7
AUN NU 9- SPEEL CLUE 30y PGINT NO iw
LF3 POSPR To/Tu PUSPU
INLET INLET STAGE
Qa4B75 Ze9434 LewB22 laoPle
Q. 5068 220073 LadeBa e Tiu?
d. 5305 Jedell Led%l9 PeTe97
Q.52z2t Fu0502 LewzTl LaTin?
QedSgc3 Z2+922) lodllie ien760
Qadles 2+ 08565 La®z78 leto3db
Dadll3 2+8503 le%298 Lebasd
Qe%232 2.8673 La%365 laoi
Deddi3 249204 lawa?9 LebBO%3
Qe4T27 29317 la%T50 Le5%3%
Qu4T51 229281 1enl72 lewd5
AEFF=a SEFF-P AEFF=a
TGT—INLET TOT=iNLET TGUT-5Té
60,12 Bielit 7ha50
Biea02 b4a 54 T7e%i
LT -Y4 ata02 B0 5%
BT 467 B9.%3 B85.3c
8349¢ H6ulS Bk o 49
Bla59 B3a 88 b3 9%
80.483 Baaldy bleay
80.1} Bz.78 77.86
15.87 79415 TBa 95
THe3& T8a2 BZ+ 58
Tha92 T8.33 BT. 26
EFF AD
AGE
81.33

V-l
FU/SEC F
2aDbald
Lll%at
iklsa9
LiTTa4d
12Ti.3
L3148
133040
43562
i424.0
L4458
153445 L

PL/ PO
INLET
Jeindt
3.h628
3.i857
3.1218
29510
2+BBLT
228903
2.9413
229985
2.0222
30204

Tuz/
Tol
Leildy
ledlid
iel076
Lal%a8
leiB5%
4elB51
LelBBS
reys it
Leid bl
4edTi0
isia?9

IEFF-P

TLT=STh
17,23
79,04
E2e3%
Hbed?
85.95
85405
BZeTh
19,34
60430
83,68
8810

159

¥i'-c
T#SEC
Chled
[-1-1-T4Y
bbzad
LLIFrYY
Teba
T84T
15247
TeTel
G455
E95ed
Oicasl



APPENDIX D

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA
FOR TIP RADIALLY DISTORTED INLET FLOW

This appendix provides test overall performance and blade-element data for tip radially dis-
torted inlet flow with casing treatment and design stator-settings. The data is present for 70
percent and 100 percent of design speed. An overall-performance and stall data summary is
given in Table XVIII, and the complete overall performance and blade-element data are given
in Tables XIX and XX. The column headings for Tables X1X and XX are identified in

Table XIII of Appendix B.

TABLE XViIl — OVERALL PERFORMANCE AND STALL DATA SUMMARY
WITH TIP-RADIAL INLET FLOW DISTORTION

PERFORMANCE
. Corrected
Refarﬁnce Perc.:ent of Flow? Thad 11 Nad 16
Table Design Speed lbm/sec P10 (%) P16/P0 (%)
XIX {a) 70 126.4 1.332 §9.13 1.563 76.85
XIX (b) 70 1154 1.353 8799 1.722 84.76
XX (c) 70 1039 1.326 79.19 1.734 77.98
XX(a) 100 184.4 1.638 79.87 2.328 72.62
XX(b) 100 184.0 1657 . 8045 2717 82.71
XX{c) 100 180.0 1.842 8636 3.037 82.91
STALL POINT DATA
Corrected Stall
Percent of Flow?2 Margin
Design Speed {lbm/sec} Pe /‘P0 %
70 174.7 3072 156
100 103.8 1.735 153

Notes: (1) Refers to rermining Appendix D tables.
(2) " Corrected flow = W /B/8
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APPENDIX D

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA
(Tip Radially Distorted Inlet Flow, 70 Percent Speed)

TABLE XiX(a)

U. 5. CUSTOMARY UNITS

162

HOTOR 1 RUN ND 11, SPEEC GUDE TG, POINT NO 11
SL EPS1-} EPSi-2  ¥-1 V=i VM-l YM=2 V8=l VB-% B=l 8-2 _ M-1 H-2 u=1 u-2 M'-1 _ W'-l Wl=} ve-2
T DEGKEE GEGREFR FT/Sk{ FT/SEC FT/SEC FI/SEC FT/SEC FT/SEC CEGREE DEGREE FY/SEL FT7SEC FT/SEC FT/SEC
1 14,002 15,903 405,6 76640 405,86 48944 De  589.3 Ds0 5043 De368) Ca6BI5 &THel 538a]l Uua5689 024390 626,97 %9220
2 beB%b _Ha025 44307 5%9Y 44347 48lul  0sD  458.0 Qs0 4448 044037 0.5747 6057 _ 63Tad  Da 6861 024375 T54sl 4948
3 Za985  2.09z 45645 56B.8 #56.5 86327 0.0 369,1 0.0 40,5 0.4158 De5006 T31a§  736w7  0aTB53 L4958 662eZ 56740
4 =Dakhe ~{aTOY 41206 54503 43246 43040 0e0 335.3 0eD 3749 023933 0ab763  b£4Te¥  836al 0ua865% vaBi90 95549 56040
5 ~6e530 =7e9v6  Foset 53949 3b%ed 4UF.T | Oal  351,7 0e0  40s5 003300 0,469% 96340  G535.% Dw 9320 Ua6207 i029e6  T13a1
5L INCS  INEM OEV TURN __RHOVM-1 KHUVH-2 D-FAL OMEGA-B LUSS-P  PD2/ EEFF-P XEFF-A B'~1 B'~2  va'=] va'=z  pO/fpD
DilriE DEGR ¢k UEGREE UEGREE YOTAL TOTAL FOL TGT TUY  CEGREE OEGREE FT/SEC FV/SEC  INLET
1 1462 54%1 13463 55,81 29448  3Be69 0e%467 00084 0.001% 14015 99450 99250 4944 =5.95 ~4T6ul 5lei  led243
2 Za3T 5484 f1.56 32,61 31,95 37451 0.5100 0,0807 6 3387 92476 a7 6 ~&0%7 =379 3657
3 3456 bali 10aD8  17.70 32259 35,72 044490 0a0808 Da0185 1.3045 90479 90.47 58,06 4035 =731e5 =367ab lu32bb
4 5.70  Tu65  bak6 13,60 30.50 35483 O0e4191 Cu0388 040064 La33L7 95.02 94eB4 652492 49430 -847. % -500e6 1e32B5
5 _ Gatt4 10s73 Tal J4eB2 25439 34,10 Oeh26b On0461 0.0096 143925 The2é G400 69412 54,8} ~Fé3p0 ~583 3406
10410 PO/PU  EFF-AU  EFF-P wWCl/AL T02/TD)__POZ/P0 EFF- EFE—P
INLET  IMLET  ERLET INLET L8M/SEC ROTOR  AQTOR
1 X SQFT 3 2
140957 143523 9%.13 94.35 28.70 La0957  1.3525° 94417 9439
STATOR 1
RUN NO 1L, SPEED coa: 70. POLNT MO il
5L Evsi~l EPSI=2  y=1 V=i  YHel WM=2 V@8-l vB~2 B=1 b-2 M1 M2 POSPO /10 POJFD _ Tuz/
OEGREE OEGREE FT/SEC FT1/SEC FT/SEC FT/SEC FY/SEC FT/5EC DEGREE CEGHEE INCET lNLE? STAGE 701
1 25,911 124766 7T73a0 5B83.9 512+3 583¢4 57829 2329  48u6 =243 06903 D.5111 1.3880 1.1017 La3667 11017
2 Ba20?_ 54673 #6296 530s0 482e2 52Ye8 A54ué  -1Z41 4393  =1.3 Da586L Oukb3Ib 143460  1.0934 13195  1,0934
3 24425 -0,721 50ZeB #5445 45La5 #94s% 368.5 —Bed 3542 ~lal Du5136 Ded326  1u3151 1.0873 12338 1.0873
4 =2,122 «5,405 560a2 4%4.& 44843 494,4% 335.0 <=15.B 359 =lath Da%921 04322 13115 1+ 0899 la3udt 1.0899
5 =tal3% -8.166 559aT 50340 43345 50248 354al  12e1 3943 la%_0a%BB0 Det365 143162 lalose 143670 1,1058
SL__INCS _ INGM DEV TuRh  RHGUM=1 RHOVM=2 (=FAC DMEGA~B LOSS=P PO/ REFF=A REFF-P
DEGREE UEGK EE DEGREE DEGREE TOTAL TOTAL TGT-8TG TaT-5T6
1 ~2.22 0419 5490 50,95 4033 %9449 Da403] 0. 0918 0.019% Yea59 91492
2 -3472 _ 0e00  TaG7 4459 38497 44489 0435655 OuDb40  0,0L56 88425 88.b7
3 6429 ~1.264 H=35 4Dul7 37404 #la7Z 0a3263 040525 DaeOla4 87453 67455
4% =Te?5 -1a60  Ta59 3870 37,12  &lo5k D304l Ge0832 0.0247 90.47 90481
5 -5a62 le#43 13487  37.93 35,78 _ #le69 0.2967 Owl2ll 0,0383 88451 68496
NCURK  WLORR  TU/ZTG  PO/PU  EFF~AD EFF=P TOZ/T0L  PO2/POY EFF-AQ
INLET  INLEF INLET _ INLET  IMLET INLET 5TAGE
RPM LBM/SEC  § I z
T543. 126636 10957 123315 09,09 089449 1.0957 0.9846 89413
ROTOR 2
WUN NG 11, SPEEC CODE 70, PCINT NO LL
SL EPSI-1 E¢dled W) V-2 VM~l  WM=i  veel _ yB-2 B~} b2 Mol H-2 -l U=2 Misl M-l _We-L V=2
DEGRFE DEGREE FT/SEC FT/SEC FV/SEC FI/SEC FT/SEL FV/SEC UEGREE DEGREE FT/SEC FT/5EC FT/SEL FT/SEC
L 10,396 S.B3E 65447 B59«2 65%4e3  TLT.7 =234 472s% =240 3303 0u5769 0eT396 60kl 629, 8 (.T993 0eb324 90740 T34eT
2 4758 S5s087 6l2e% TBYah 61293 68347 =08 3T ~lal 3040 045396 0u6798  0T5.2 586w  0sBl0B 06355 920s2 Thise?
3 ~lych2 0,137 36643 571sl 56642 5Sb2eb  =BaS5 330wl ~OuF 2946 0u#963 Dn574)  746e5 7980 0aB8319 0.6L37 F45e4 TLT<#
4 =bedlT 4,069 545,7 58047 545.5 53842 =1540 24Ta8  =lub 2428 D.47686 0,5037  $23.B  B15e5 Q8776 Uebb58 LO0De& TEDeS
S ~taTTH =74 91T 54146 396ad  54led 529¢7 1243 27%al 323 2743 0e471l4 0u5041  500,9 (88 9058 Oubbo4 L0&0e5
SL__INCS  INCHM DEV TURN _RHOVH~1 RHOVM=2 DeFAC OMEGA-B LOSS—P  $02/ XFFF-p REFF-A_B'=L  B%2  ygtel v@i-2 PO/PD
DEGREE DEGREE OEGRLE DEGREE TDTAL TGTAL PO1 10T TOT ~ GEGREE DEGREE FT/SEL FT/SEC  INLET
1 —2al7 =147z 26el5 31445 53465  66a83 023203050235 «0.0054 1.3666 102460 102475 #3o78 12433 -628.1 -157e& 1a8966
2 =3.4b  1e31 13u51 25419 S50.0L  blebh 0s30T1-0a0973 =0,023 23618 21 112,78 4B.2ZT 23,08 =& =29 829
3 =045 4e33 7431  LTu69 46438 S4eld O34T DaOK50 Ou0Ll0% 1a2673 92,50 92,73 55e22 3654 ~T57a b ~41505 lab64?
& lasd ekt 4.27 10444 4keB0 4885 023031 Oelll4s 0u0iA0 1u1822 TBe52 78405 5Tall3 45,59 —838,0 -567e6 1e5510
5 le42  3u60  2.hk 9050 44421 46a33 $a3l20 Uel83Ll  Ou0435 1,1607 65420 6489 552562 49512 ~B88e 6 =613.% 1.5277
T0/¥C _ POSPO_EFF=AD  EFF=P WCI/AL T02/V01 _PO2/POL_ EFF-AD  EFf=p
INLET ~ INLET lNLET INLET LBEW/SEC noroa ROTOR
% SQFT ]
lllL_le?*?l_Og_LQ_‘!_n,j'__gJ!,,_—L'mz__h}_ll 2,],8 G240
STATOR 2 HUN ND 1k, SPEED CODE 70, POINT NG Li
SL EPSI-1 EPSE-2 _ V-1 Vo2 VM=) VM-Z  v8-i _ V&=2 B=} B2 A=l N2 PC/PO 10/10 PO/PL TO/,
DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FI/SEC FI/SEC DEGREE DEGREE INLET INLET STAGE  TO)
L 8,243 14362 89240 85743 75% ) 85546 46Bs5 =53el  3he% ~345 0.7710 D.T3T5 146230 1.2021 14688  1.0908
2 54914 14915 Blbet 8595 V1525 B85Te8  393s6 =53ub 2849  =3ab 0.7054 OsTh5 1e6695 1.1861 3a23%b 10835
3 5.¢56 1a389 6558 70248 0l6sl TB0aT 331a8 —564%  28a3  -4e2 0s600% 0e6769  leGUAZ Tel7i% Le216% 140773
% DaZO7T 0u384 618s8 bbled 56647 6590 268.5 =572 23ab  —5.0 0.5289 0.5678 1.4876 1.1589 1ei34k  L40639
5 =4a123 04455 632l 663.5 56848 66546 2757 =270 2549  ~laS5 045360 0g5646 34870 11795 101258 1.0669
5L INCS _ INCH DEY TURN __RHOVM=1 RAUVM=2 D=FAC OMEGA=8 LDSS=P  POZ/ ALFF-A XEFF-F
DEGREE DEGREE DEGREE UEGREL TOTAL TOTAL POl TOT=5T6 TOT-STG
1 ~15.50 -13448 TaT0  35.47 6919 6824 0el777 Qe 4404 0a10L2 048587 % 5lllS
2 =1be62 =124 75  baT% 32,52  Gbadl Du96 Dul 3 0.9039 $all  ThaY
3 ~16438 ~11.07 6.3 32.50 56a45 65.66 D.0TL? De2561 0s0683 0e9405 T5e15 75480
% ~20a4L =142l 5,15 28459 50a60 55,33 0a0776 Oe2616 0.0740 Oud541 57435 sa.?b
5 =18259 =11aTl  %e31l 2734 48.97 54081 0.0848 0. 1504 O.0445 D.9734 5290  H3aT%
NCORR  WLORR TO/TUG  PO/PO  EFF=AD  EFF=P T02/TOL  POZ/POL EFF-AD
INLET  NLET  INLET  IMLET IHLEI xu;et STAGE
RPH LBM/SEC []
7563, 126e36 1al771 1.563L 15.35 73.23 1.0742 D.9309 63409



TABLE XIX{b) —

U S CUSTOMARY UNITS

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA
{Tip Radially Distorted inlet Flow, 70 Percent Speed)

ROTOR1 RUN NO 11, SPEED CODE 70, POINT AD 3
SLEPs[=) EFS[=2 Vol  N=2 W=l Vg V8=l _N@=2  B=l  B=2 Nl  M=1 Ul U2 Mi-l Mt  W'-L _v'-2
UEGKEE DEGREE FT/SEC FT/SEC FT/SEC FI/SEC FT/SEC FT/SEC LEGREE DEGREE FY/SEC FI/SEC FT/SEC FY/SEC
L 14512 152513 369.6 Tléud 369eé ®15.7  0aD 57841  Dal  5hal 0.3347 0.6345 &73.7 533.2 C.5640 0u3T45 600a8 422.1
2 Ta37b 54093 40350 b34pé 40350 4léeb  OuQ_ 47BeS5  Opll _ 4#9o0 Dy3657 045592  60%s]l  63ls6 0y 658% 0,3913  728a2 #5349
37 3,217 2,434 41345 50ket 41345 39348 0s0 40%at  0a0 4548 0.3755 0.4950 7248 T3040 0. 7577 0s4415 834ek  510.9
4 “0.71o =2.237 3bbed 540e6 3B6e5 393u6  Oall 370a5  Dul  43a2 023503 0.4721  B40s]  E2Bad 0.83B2 Gu527% 92%aT 60349
5 =Talbi =7e53k 325.2 54Del  325.2 3odet _ OgD 39943  0a0 745 Dx3937 0aALTL  954s) $26a8 0.9106 0a554Z L00B.0 40T
SL INCS INCH DEW TURN _RHOVM-1 RHOYM~-2 D—-FAL OMEGA—B LOSS—F P02/ ZTEFF-P ZEFF=A RB'-} ar-2 VE'-L vah-2 POsPO
DEGRE: DEGRAEE WEGKEE DEGREE TATAL TATAL POl TGT TO7 DEGREE DEGREE FT/5kC FT/SEC 1NLET
1 4203  10a33 134%9 57496 27413 33460 0a5325 0o 050 040105 143799 97e52 97a#3 51e85 —6u412 ~4T3eT 45,0 143997
2 4uT5 __Ha22 10450 30406 29234  34u52 0e56TL 0udb45 Ouflél 1,3605 5501 54a8)l 56a25 20s15 —60kak -153.2  L.3836
3 5.81  da49 9a31  20u7% 29290 33,15 0,5313 (e 0799 0eDLE5 143350 92409 GleT¥ 60u3Z 3958 ~T24s B —325,% 13582
4 8203 9,98 bahR 15497 2Tebt 33,49 0aATS0 0u0425 0e0092 163675 95425 95.06 65425 49427 =o4del =457s9 la3628
5 11,35 126467 5ezB _L5aTT 23406 30,85 045033 h0B9T_ Q0185 1.425% 90423 B9.T5 71e06 55.28 —954s1 =527,5 la3812
TG/T0  PO/PG  EFF=AG  EFF—F_WCL/AL 102/T0L  POZ/POL _ EFF-AD EFF-P
IMEF INLET TNLET INLET LBW/SEC RGTOR  ROTOR
H SQFT % t
1,1025 1,3755 93406 va.sa 26e21 11025 13757 53.09_ 93437
STATOR 1 RUN NO L1, SPEED CADE 70, POINT MU 3
SL EPST=1 EPSI=2 W=k ¥=2 _WM=k YM=? VB~ V@«2 Bl B—2z M-l M- POSPO 0/T0 PUFFG_TOR
DEGREE DEGREE FT/SEC FY/SEC FU/SEC FI/SEC FT/SEC FT/SEC DEGREE OEGREE INLET THLET STAGE  TOL
1 15.935 12660 71Ta5 876e6 A438.6 47549 56Ta9 —2bal  52.5 =3el 0u6375 Du4l4l  1.3433 1.0990  L.3438 L. 0990
7 8.528 5.0 bk3sl  4bke5_ £3329  4bkeD 4Thet  =Dab  #Ta6 Dol 045475 0a4036  1.3583 1.0970 1,325 1.0970
3 E.067 TUs247 57541 443u8 409eh  hbBa7 40329  =be3  Ghsh  -D.B 0.5046 D,3B55  Lad4dd 1.0948  1e3269  L.0%48
& —La450 =%4%73 55245 44228 4097 44ieT 3T0aB  —Gab 4zel  ~0e6 0a%831 0.3B41  1.25947 1.0973 1e3%T6  1.0973
5 mfa4Z7 -7a650 550e7 456e3 385.0 456e3 402.0 6.0  46.3  0a6 DekB22 043523  1.3560 1.11B8 _ le3Ght 1.1188
5. INCS  INCM___ DEV  TURW RHOVA-1 RHOVH=2 D-FAC OMEGA-B LD3S=P P02/ IEFF-A SEEF-F
DEGREE DEGAEE DEGREE DEGREE TOTAL TOTAL  FOL . TUT-$T6 TOT-3T6
1 1461 &m0l  Ball 55457 35¢lk 41,45 0a5056 (1092 040232 09739 69,05 E9.60
2 D0.58 430 _9s7Q  #Tabb 35.80  40s59 DahS554 0a0935 040228 0,9B16 Bt.88 59429
3 TD.89 416  Ba50  #5e42 3430  3B.73 0.4227 080633 040173 0.3899 B8a35 68478
& =2uk6 3,68  BaB3  A2aTH FhesB 3E.58 0.3985 0s0845 0,0251 0a9875 §1e37  9Ll.B¢
5 1236 Bodl  3Za5k  45a5% 32.4% 39,20 Da#082 0a1256  0.0392 0.9818 84:70 B5.38
NCGRR  WCORR TG/TG  POSPOD EFF=AD  EFF=P TOz/TOL  POZ/PDL  EFF=AD
IKLET INLET LNLET INLET IHLET INLET N STAGE
®P# LBN/SEC T 3 ¥
ToThe 115037 11025 1.3526 87.96 BA.43 141025  Da9834 §7.99
ROTOR 2
RUN NO L1+ SPEED CODE 70+ PGINT NO 3
SL_EPSI-1 EFsi=-z _¥=1 y=-2 ¥M-1 VM2 ya=1 V=2 B=1 8=2 M=l -2 =1 U=2 M1 Mbeq | § LS4
DEGREE DEGHREE FT/SEC FT/SEC FI/SEC FT/SEC FT/SEC F{/3EC DEGREE DEGREE FT/SEC FT/SEC FI/SEC FY/SEC
1 100227 $2490 52dsd BL%a% S2Tu8 623.6 2544 531e5 =248 4043 0a4609 0.6992 599,3  626.0 D.7L34 0.5980 81T.6 63045
2 fp35T 4e2T6  S2%e2_ T27aT 51kwd 57549  v0a3 bheeS  ~0al  3Tab 0ud5T6 006192 6690  6T%a7 Qe 7422 025292 85043 62149
TEL1M053 —Uak33  49Te2 028e0 49TaZ L0544  =—6a3 3659  —DBa7  55e3 Dak335 Da5280 TALe7  TALaZ U.T63L D.5321 069sl 62045
& =Bebe? —4acld 48504 5TH.9 4B5uk  805.8  ~%ed 34347  =0s5  36ab 0s#223 0a%BE6E  BlowZ HOB.D Da 8254 0.3530 353,4 65747
_g “BabiZ =Tedil 4Obst 55259 4Fbak 67856 bal 350a0  0el  3Inel DoAZBD De%933 59246 8798 Qe BT60 0s5%0 LULE.0 T134%
SL_INCS  INCM____ LEV__TURN AHOVM=L RHUVM=2 0=FAC OMEGA=B LOSS=P _ PQ2/ REFF-P SEFF-A B'-1 0B'-2  Va'-i w§' -2 PO/PO
OkGREE DeGREE DEGREE DEGREE TUTAL TUTAL POL T0F TOT DEGREE DEGREE FT/SEC FT/SEC INLET
L =0eZl  4aih  iZe22  4le3&k 45412  59a73 0ad923-0.0086 —0«0Q0lL 1o4038 100430 100a%2 #9aT4 .40 ~624a =9ie5 1o9l34
2 Oaib  4edd 12460 29475 %479 56418 Qe#060-0,0108 -0,0026 13306 10Ln14 100e21 51a90 22.16 -B655 —2% o5 1.8326
3 2.93  Ta81 8237  15e81 #2457  45.04 Da#166 OuOThk 0s0L09 142801 90.47 90s19 5640 36259 =460 -3M o2 1471205
% 9404  TeB5 2455 14aS55 4led6 44555 OuhZ6l Qul594 0,0356 1e2409 TBald TTa49 59.42 44,87 -820.6 -4 o3  Leb695
5  5e50 B5a68 1al3 _ 17.90 #2405 4460 0e4195 Q1927 _0.0470 102359 72,66 Tlebé 60s71 4TeBl —686e5 ~52' 4B  Le6759
TUs10 PUJFPU EFF-_AD EFF=f WC1l/A1 TO2/T31  POZ/POL EFF-AD EFF-F
INLET 1NLET INLET INLET LBM/SEC ROTOR ROTOR
z T SeFT x x
1.1981 1.7504 8T.50 B3.43 32,03 1.0867  1a2941 88,02 808443
- STATCR 2 WUN NO El, SPEED &
SLEPSI-i EPSi=z Y=l ¥=2 WMl ym-2  Ve-L  VE=z =1 B2 w-1 . tez . eoiee “DDETS?;uPUINTp@?plg To
DEGREE DEGREE FT/SEC FT/SEC FI/SEC FT/SEC FT/S6C FT/SEC DEGREE DEGREE INLET 5 T 5L
L Te75T 0.455 Ba L INLET STasE  TOL
. . Seh  T24u7 6612 T24at 52647 1le3 38,8 049 0u723b 0u6119  1,8543 1.2100  1.35Q3 1.K011
2 4%a503 0.005 T49:6 662e1 604s3 66La% %43e5 —16af__ 36ub  =1a3 036392 0s5593 17967 1949 13i34 iotes
LaT73 0,447 64347 56622 52347 56545 365.7 -2Te3  34eh <208 0u5456 0a4767 1e7060 11837 1,260  1.0812
G 7lade? cOulbr 35E.1 5130 48940 3124 4.6 =2T.i  35.1 -3.0 0,5038 Qoki%4  1.6588 1o1862  1.2333 5. 0821
_5 =4 750 1,004 &h6af 520s2 90B.8 _520s2 35202  <la0__ 34a? —0s1 055159 0u#505  1.6552 1.2156 142708 140865
SL_INCS  INCM  DEV  TUAN _RHDVM-1 RHDVM-2 D-FA(C OMEGA=B LDSS-P PO
DEGREE DEGREE DEGREE GEGREE TUTAL TOTAL oL, —FeTECA_SLRECE
1 ~8.66 =06s562 12a15 37,88 62433  T0.8Y 0a2836 0w 1068 0o024l 0e9691/ sorss oo
2 =9420 =5.33 9,04  3Teb4  9Ba29 65,39 0e2753 0eU932  0.0231  0.9773, 23.14 93038
3 ~10.09 —4.79  To5%  37.38 80,96 55,76 02519 0s0858 0.0176 0.IET7] TR
& 8,33 2073 707  3Bul6 4640  49.97 0u3196 0.0411 0.0117 049935 15.74
§_=0a73 =2085 K0,67 34484 %Vell 945 U.32B6 0,0743 040220  0.9877 ok
NCORR  WCORR TO/TO  PO/PO  EFF—AD  EFF—P TOZ/TOL  PO2/POL  EFF-AD
INLET  INLET [NLEF  INLET_ INLET INLET STAGE
RPM  LBM/SEC ] ] x
ThT4e 115.37 1.198]1 1.7221 84e76 B85.86 1.0867  0.9638 82.27
163
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APPENDIX D

TABLE XIX(¢c) — OVERALLPERFORMANCE AND BLADE-ELEMENT DATA
(Tip Radially Distorted Inlet Flow, 70 Percent Speed)

U. S. CUSTOMARY UNITS

ROTOR 1
RUN NG 11y SPEED CUDE TO4 POINT NO &
SL Epsl~1 EPSl=2 V-1 ¥V-z VM=1 YH=2 ve=1 ve—2 B—l =2 H-1 M-2 u-1 U=2 M- M- ¥t=] i@
QEGREE DEGREE FT/SEC FT/SEC FYJSSEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE FT/SEC FT/SEC FI/SEC FT/SEC

1 13,913 15.5652 343.4 7h0.3 343.4 4L5.0 0a0 5Tael 0ol 54y Qudlfh Gub306  &Thell  S34ad  0.5297 0L 3708 585.5 &17.7
2 5,778 7n%55 36840 647e3 36BaD  bZ%at 0,0 #8847 Oe0 45940 043332 D.5707 60545 63341 OubhlS 0u3953 70Bub  448.3
3 =0s384 1o%77 37229 59%a9 372.9 hital 0.0 %174 Ool %445 0,3377 04,5222 T26a5 T3lel 073935 0.4632 0Blbab 527§
4 ~6e58b =34573 33849 455lel 33849 37041 a0 40844 020 67,8 De3063 Ou#¥94 B2l  B30a3 DeB2D4 Oe%8BE 90TwT Stlad
9=11a426 ~Bu V75 776el) 49306 276s0 24Zaw DuD__ 42948 0s0  60s5 002487 Dua4236  956p% 929,06  DeBY68 0ubT64  595.4 555.1

SL__INCS INCH DEV TURN RHGYM-1 RHOYM—2 D—FAL OMEGA=H_LG35-P P02/ ZREFF-P XEFF=-4 @i-1 B2 Vet Ve -2 PO/ PO

DEGREE LEGKEE GEGREE LDEGREE TOTAL TOTAL POL 1T 707 OQEGREE DEGREE FF/SEC FT/SEL INLET
1 6e0> 10.35 13.8%9 53,58 25434 33412 05292 DuDBTU 040199 1a3699 95,44 $5,26 53487 =5.71 ~4Th. 8 tlet la3Bé8
2 Te03 1056 5«08 39483 27400 34eBb 0.5553 Qw0851 DeD215 143639 93,064 93,38 58459 18,765 —605.5 =i%%.3 11,3823
3 B30 10498 6alB 20e27 2723 35,11 Du5143 0e0934 DL02Z5 LadWéh 90,BH T0.57 0282 56255 =T2645 —314ad 11,3582
4 10s95 12490 betlB 19,43 24459 30419 0e5369 0.1825 De0400 1a335L BDe25 7T9eht 5B.16 %8s T4 —842.1 ~422.0 le3237
5 14430 1559 17.01 P97 1992 19,43 0.5995 0a3033 0.0481 143280 67221 65,90 73498 H4. 01 ~955.4 =49942 142905

Tu/TC PU/PO _EFF-AD EFF=P wWClsAL 102/101 _FPO2/P01 EFfE~AD EFF-P
INLET  THLET  INLET INLET LBM/SEC AO0TOR ROTOR
3 T SQFT T P4
11062 143481 _ B3.9T A&.40 23,60 1.1062 1.3482 83,99 Ba,563
STATOR 1
RUN NU 11y SPEED CODE 70, PUINT Nu &
SL_EPSi=} EPSi=Z kel § =2 YH-1 M2 Vi) va=-2 6=1 b-2 -1 h-2 PUSPG 104710 PD/FD 1027
DEGREE DEGAEE FT/SEL FT/FSEL FT/SEC FT/SEC FI/SEC FT/SEC OEGREE DEGREE INLET INLET STAGE TOL
1 15,826 12.B48 713.9 4B0a2 435.4 #7949 565.8 -16e8 5245 —240 036341 Ge4l?3  1.3501 L 0988 123338 1.0988
2 8,585 6£a%30 65545 484s0 441a3 48440 484.8 =2+8 4Ta7 ~0a3 05784 Oa%207 | LTV 10993 143361 __1.0993
3 35.819 1.980 602.9 4T71laD 435,88 47L.0 4lo.t 3.3 43.7 Quh 045296 0a%093 1a345] 1.0980 1.3332 1.0980
4 0a32]1 -0u305 55%,0 4l2«4 38le9 412.0 408.3 -1B.0 L) =2e5 0s%867 Qu3553 1.30%% l« 1080 [+23.09
5 ~5.325 =hyBlé& 504e3 312.8 259al 29 ek 432eb  -9F.3 5%l  =18a43 04%331 D.2655 la28676 1.128]1 L3040
SL___INCS INCH DEY TJURN RHOYM-1 RHOVM-Z O=-FAC OMEGA=B LOSS=P  PO2/S YEFF~A SEFF-P
DEGREE DEGREE DEGREE DEGREE TUTAL TOTAL rO1 TUr=-s16 TGT-5TG
1 1469 4210 9424 54453 34463 41039 04948 0,1110 D.0236 0.9737 Boa &5 87435
2 0471 heh2 Be95 48,03 36408  &1a85 0u4399 040925 0,0226 0.9812 &
3 -1.77 3,28 .71 43,34 38,97 50s6% 0,4053 0405686 0.0155 0,9901 afatl 8T.88
4 2430 Ha bb .92 49,41 31,08 34499 0.4901 D, 07688 0.0234 00,9882 Tbe 83 ITeb¥
5 _lé.lé _21.19 =647 T1.59 20,68 24459 047163 Dy 1483 D, 0445 D,9820 6Bla55 62493
NCORR WCORR  TG/TG PG/PG EFF=-AD EFF-P To2/TDL PQ2/P01 EFF=AC
INLET INLET IMNLET INLET IMLET __JNLET STAGE
RPM  LBM/SEC 3 3 %
7491, 103251 1.1062 L.3261 T79.16 79495 1.1062 0.9837 7919
ROTOR 2 RUN NO M1, SPEEL CODE 70y POINT NG %
5L EPSI-1 EPSi=< ¥-1 W=z VH=1 YH=2 Ya=i, Yo-2 b=k Bb=2 H=1 H-2 [T Y u=-2 M'-i [ LI ye-i y'-2
DEGREE DEGREE FT/SEC FYSSEL FT/SEL FISSEC FT/SEC FY/SEC DEGREE DEGREE FT/SEC FT/SEC FT/SEL FT/SEC
L AD.387 Qubét 52804 82240 52642 b605e1 =lbek 55528 =led 4244 0o4592 D.T006 60047  525,5 07073 0.5200 610.9 6l0a1
2 5,067 6,800 53448 730s3 534al 57647  -2ab =0e3 8 66 T0e5 3

3 0292 (QeBTO0 503.7 62T« 503.7 4&76a5 3.2 407.8 a4 %0.& D.%387 D, 5283 T4t T42+9 D798 Du4T07 29523 58245
& ~0.803 -1.212 438.5 5S8O.% %38.5 3738 ~15.5 &38.9 —2.0 4320 023788 Da&B8ll Bléal 80945 0a8132 0uédDl  G4le? 530a9
5 —bubtlY -~dy4l? 366e% 55350 35247  %10s6 =993 ITDe6 =158 4he8 0s3020 Qp450% 59,7 85049 898 5339 B 655.7

SL_INCS INCM DEY TJURN  RHOVM=1 RHOVM=2 D=FA( OMEGA=B LOSS=P PO2/ XEFF~P SEFF=A _B'=l o=z velel Ve'-g FO/PD
DEGREC DEGREE DEGREE DEGREE TOTAL TOTAL Fo1 707 TOT  OEGREE OEGREE FTJSEL FI/SEL  IMLET
L —Datth 3299 20439 42,52 44459 5TaT3 0etlth Da0032 0s0008 Lebléh 9974 9974 4949  6u57 =617el =T0sl Le9099
2 —De22 4e57 1Z44% 29452 %5435 S6a0% 0e%129-000027 ~0uBOU5  1.3513 100425 100228 51453 22,00 =6T3u7 =233ui 1aB326
37772.30 6487 6490 2065 HZu¥3  45a90 0u4T6T Ds1362 0.0316 1.2821 Béa2é 03,72 55,77 35,12 —Té0.7 -338.1 1.7242
4 678 10459 1490 17294 37.0lL  35.80 0.5814% Ds2793 080627 142825 708l 69279 52416 44a22 -083346 ~3Tiel Llabd72
5 13.09 1527 %a26 _19.33 2Be%0  38.13 0.5336 Ougéh? 0s0559 J4330) T33O T2,23 70029 50,06 =994e8 =511e3 Let893
T0/T0  POJPO  EFF=8U  EFF—F WCL/AL T02/T01 PO2/POL  &FF-AU EFE-F
LNLET  INLET  LNLET INLET LBM/SEC ROTOR  ROTOR
z X SQFT % ]
Le2182 1.7628 B0.52 Bl.98 29.47 11003 1.3293 | 83,48 84,10
STATOR 2
KUN NC 11y SPEEC CODE TO, POINT Kd %
SL EPSI-1_EPSI-2  y=1 V=2 VM-l VM2  ve-)  ve-2 g1 B-2 H-1 M-z PO/PO 10470 POSPY  TO2S
DEGREE DEGREE FT/SEC FT/SEC FY/SEC FT/SEC FY/SEC FT/SEC DEGREE DEGREE THLET INLET STABE  TQL
1 72791 0,746 Bh4ul 6667 6398 bb6a5 5504 1340 409 Lal GeT213 De5590 1.8585 1.2133 1.3766 l.lOa2
2 42903 0.%83  ThBah 601,88 600.3 601.B 447a0 =5.3 3648  =0.5 0.63170 0.5047 _ 1,8025 1.,1996 1.3293  1.0911
3 24662 0.632 hAdab 49Te4 49648 45Tal 407e3 —17ab 3943 =240 0u5430 Oubléb  1.7151 141941 1.2728 l+D876
% ~1a427 04382 59Tal S4led 40400 461.0 439,77 —1TeT  4Teé =243 044956 0.3631 1.6T13 1.217% l.z65T 1.1031
5 —5athl =0.TBL 5Tbat  459e0 43%8 4595 37248 =03 _40uh _ ~)a2 0o4T02 De3721  1.5705 192590 13147  l.l169
SL__INCS _ INCM DEV JURN _RHOYMN-1 RHOVM=2 D=FAC OWEGA=8 LOUSS=P  PO2/ LEFF-A _ XEFF~P
DEGREE DEGREE DEGREE DEGREE TGIAL TOTAL FDL TOT~5TG TOT=5TG
L =6eh8 -4ub6 12431 239,82 £0.03  87.10 D,3576 0.O915 00211 0,973 9Lle53  9le89
2_—BaT9 =4s92 GuBl 37,28 5¥u7% 61l.06 0,3565 0o 0879 040218 0a$785 92,70 33.04
3 -5.45 -0al4 8,28 ALa2B AT.T0 50.15 0.4200 0.0818 0.0219 O.9844 B1.33  8l.92
4 3233 9,54 TaBl 49468 3783 43.37 (.4813 Gu0539 0,018l 09900 6Tebl 68445
5 408 _ 2,80 9463 L. 5k 40.47 %3.55 0.400) 00789 0.0233 0.9889 69.35  To.a8
NCURR  WCORR  TO/10  PO/PU  EFF-AD EFF-P T0Z/TGL  POZ/FOL EFF~AD
INLET _ INLEY INLET  INLET _ ENLET INLET : (STAGE
RPN [BM7SEC ] i j L
T4%le 103491 142082 1aT7338 77.98 79.59 1.1013 09836 The43
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TABLE XX{a) — OVERALLPERFORMANCE AND BLADE-ELEMENT DATA
(Tip Radially Distorted inlet Flow, 100 Percent Speed)

U. 8. CUSTOMARY UNITS

ROTOR 1
] o RUN NU 1L, SPEEL LODE 10, PULKT NG il
St ﬂPSE—; EPSi—X ¥-1 ¥=-2 VM=l VM= V=i Va=2 =1 B=2 H-1 M-z 'U—l B-Z ’ Mi=} !'M'-I V=i wi-2
CEGREE DEGREE FT#5E[ FT/SEC FF/SEC FT/SEL FE/SEC FFI/S5EC LEGREE OEGREE FT/SEC FT/SEC T FT/SEC FT/SEC

1 34661 LloslB7 o454 9914 b45.4 o65l.8 0.0 Théead 0.0 48.9 045982 0.8772 6T6el Téelwd DOuBb8T A 5765 935.1 65240
2 7-5?% BaTbs 71?-1 GhZed  ThOsl 7055 00 65447 Dal 42.% Dub684 0.8451 862:9 902:2 la 4 T4 :6555 IIZD:B Ti?:b
: 4akiat 22006 Tude2 7690 T44.3 5T4e6 Be0  Sklad [ ) 41sT Cub982 Qabod@ 1035.3 1DZe& Lol®l w0760 1275.1 To2a8
g

0,586 ~206b THiwd TB5aé 738.3 637.8 0al  %65a2 DaD 3641 0e6920 0460815 1200sl 118243 143207 36292 14090 9
b I » 605
=6e 645 —Tu753 65342 T83sé 653,2 59led 0=0 S1i.b 0aD  40e8 0eb060 Oa8631 136249 1323:9 1:40‘.1 2B&E5 1511:& 1002:9

5L InCS INCH OfY  TURN HHOUVM-1 KHOYM-2 D—-FAC OMEGA-B LUSS«P PR2s REEF=P REFFen B'=1 6 =2 ¥H'-1l WHT=2 PO/ PO
LEGRFEE LEUKEE ULEGREC OEGREE TUTAL TOUTAL FO1 Tu¥ LIE) DEGREE DEGREE FI/SEL FT/SEC INLET

L -ligh  Ze60 20089  44e89 42,81 50421 Da4960 (42250 0.0518 146525 B5.56 BauS2 4Eald  1a29 «670.6 ~lhet 1.7036
2 =ialB 2429 9263 50,95 4ba2D 5Bul? 0.4902 Oul%20 0.035T 1,7107 58430 87441 50432 19,37 -862.9 -24145 147901
3 —0.17 72451 12455 11454 46,76 48,15 D.5037 GuZ153 D,0474 15251 T6ud] T892 54435 42.00-1035.3 ~531,7 1.5851
& l.ld 3,08 5.48 10,00 MeTL 55459 0.4227 0.0857 0.0189 1.6697 90,02 89.29 58.34 48.34-1200.1 -716,2 1.6742
5 _ 4953 5462 4a75 _ 1049  38al6  51e2) D#357 00975 0uQ209 1.8590 89.65 6873 64421 53473-136249 =Bl0s0 17033
10/T6  PU/POU__EFF-AD _EFF=P WC1/al T02/T0L _#02/POL EFF=AD EFF-P
THLET INLET INLET LHLET LBHM/SEC ROTOR ROTOR
¥ T SQFT T I
La1895 1406894 B5.25 86428 41.89 141895  1.6894  B5.26  86.28
STATOR 1
RUN RO 11, SPEEU CODE 10s POINT NG 1
SL EPSI-1 EP51-2 V=1 V-2 VH-l  vh=2 _ya@-}  Ve-2  B-1 B-2 M-l H-2 POIPY 13/70 FB/Py_ Tu2s
DEGREE DEGREE FT/SEC FT/SEC FT/SEL F1/5EC FI/SEC FT/SEC DEGREE LEGREE INLET TNLET stact TN
} 15,567 12,763 1004a% 690eT 685.9 589,2 73347 =45.4 47,1 -3.7 0.8905 0.5863  1.6062 1.1825 148581 lal825
2 B.9D0 6,260 98344 791,22 T3Bse2 T¥hel 669.7 10,5 4lek 0.8 0.8661 0.6791  1l.7422 dslave 1.96%5 _1.1896
3 20751 0a286 794U 65%e6 60B.d 65646 5l0sd -b63a2 400 =525 046876 05631  La5693 141710 1e5100 11710
% ~1a838 ~4e534 Blbab T30eB O6T1lel T36ak #55e3 =23.8 347  -1oF 07075 046324  1ab433 141761 18378 1a1761
5 r£u53b —TebbD B21eZ T33.7 637e? 730e7 51725 45,3 3%l 5.2 0a6981 0s6178 146305 1,208 17791 12182
St INCS _ [NCM DEV TURN _ RHOVM=1 RHOVH-2 D-FAC OMEGA=B LOSS—P  PO2/ SEFF-4  EEFF=F
DEGREE DEGREE DEGREE OEGREE TOTAL YaFAL PO TuT 516 T0I-5TG
1 3477 =1=37 T7.43 50,81 52,30 60.56 Qe#718 0,1415 De030L 0.9428 73,96  75.53
2 ~Babl =lef_ BeSLl  42al5 59491  Tlalb 023564 0,0697 0.D170 0.9728 _ 2406  B3.83
3 w5.52 -De47 3481 45.4B 5022 57«70 D.3663 GeO4L0 0.011) 0,9888 Thals  T4ath
& =9uBG& —3e72 TabT  34ubh 5Tab%  O4e9l Qu276D UabER3 040191 D.3818 85292 GGG
5 Le23 1695 33491 5603 6223 0.2025 0u1538 0.0485 0.9573 Ble92Z 83430 _
NCORR  WCORR  TDJTG  POFPU  EFF=AD EFF-P T02/TOL  PO2/POL EFF-AD
INLET INLET _INLET 1HLET INLET INLET STAGE
RPA LBH/SEC T [3 E
10676, LO%a#3 1.1895 1.6379 79.86 Bl.i9 1.1895 09695 7967
ROTOR 2
S _EPs[-1 FPSi-2 V-1 V=& ¥H-1 ¥YH-2 ve-1 ve-2 g=1 B-2 H-i KU:-!“ il'UEiEtD gggs 1o :9l?1 Ng'E} vi=l V=2
UrGRFE DEGREE FT/SEL FT/SE(C FT/SEL FY/SEC FY/SEC FI/SEC DEGREE DEGREE FT/SEL FT/FSEL FISSEC FY/SEC
I 10,24% Se776 T98s1 1166e4 79645 B3840 —4be3 Bllas ~—3a2 44hel 0a68TE Do 9503  B5600 B9led 1a0362 0u6865 1202.% B4leE
2 5abk? 5,254 91B8u3 10533 918a2 H4le2 =10s7 63348  <lel 3740 048011 048577 95546 9T1a€ 141629 0.7580 133300 9062
S TOel1l 0.T0% BLD.0 SETo6 EO7-6 Tobe8 6249 &bba0  —Aeb  Szed UsTUZE O.7353 T0#9.4 1058.7 11997 De7752 I382.7 957.1
# -5.i3% -3,709 Basel 6025 B45.5 E67.3 =223 41649 =lo5  32.1 0.7354 O,64T3 116545 1154.2 1.2477 0.8135 1458.6 L0J9.4
5 -Ta B8l ~Tew0& B3Bei BS50eT  435.5 708e8  bTel 4b%es 4ab  3%a2 0eT140 0u06357 1275.1 12568 142512 QuB34% ivb8e7 10484l
SL INCS  INCH OEV TURN _RHOVM-1 RHOVM-2 D-FAC OMEGA-B LOSS-P _ P02/ ZEFF-P XEFF- - - - i
CLGREE JEGREE DEGREE OEGREE CTTTOTAL TOTAC T POLOTOT 55? & UEGR:E ozsazg F¥?$Eé F¥?;EE ?31:?
1 —;.53 Ze G2 1525 42259 GOuD& §3uT76 03011 0.1863 (u0435 1.7509 B5.0% Bha%b H8a42 Fa%3 -500u% -80.0 2Z.BZ4B
: -3.$; -g.;? 228 i;-b: 7g.oo 0,3202 0. 1.5567 & 7929 84 -368.3 3374 .
. N - 51 65442 De3069 01091 040248 15697 Boe9 =
& 0,82 a9 kTl To53 69485 0e3080 0alB50 0.0595 1.3830 12.31 gf:;: g::é: 2?:;g:§i:§:: —:;::: 2::??;
5 =1.35 Oei? Qath Te9% 67205 02860 0p1387 0,034) 1.4369 B0e02 7Bs97 55+24 #Ta32-1206e0 -TTZel 223429
TO/T0  FOSPY EFF-al  EFF—P WCL/4l TQ2/TOL PO2/PO0l  EFF-AD EFE-p
[NLET iNLET INLET  INLET LBM/SEC ROTGR  ROTOR
% SOFT 't
1,3748  £.4B8T T9.ll B1.57 #2.92 1.1585 __1.5195 80.%4 82,03
STATOR 2 RUN NO 11, SPEEL COUE 10, POLNT NO 23
SL EPSI-1 EPSI-¥ %=1 V=7 VA~ WM-2_ VE-l Ve-Z B=1 B H-1 M= POLPD 10/T0 $OSPD TORS
~ DEGREE DEGREL FT/SEC FT/SEC FT/SEC FV/SEC FT/SEC FT/SEC DEGREE DEGREE INLET INLET STAGE  TO1
1 7.593 Oaidl 121423 10554 909.6 10377 8045 =19246  4le7  =1045 0.9979 D.84TO  2.5498 1.4257 145575 b=2D57
2 4az00 =03255 109546 L00% L 8%4eb §9Te0 5321 =155486 _35.3 -8.9 0.8671 G.BL60 245067 1,3915 14360 1e1643
AT 009 —0.616 %Gl 913e5 H15.1 908t 4Bbal —9%e3  30sb  -5a9 0u7725 De7398 2,340l L3585 le#Y0f 141601
& -1.09) =0,631 H45.7 B0%eD 736.5 BO0l.0 41527 —1l3e%  2%e%  -Ba0 Da6851 Deo531  Z.1Blb 1.3375 wedl4 141375
5 -4.795 =0s943 911.2 B42eT T69s6 S42.1 ABTeT =30,0 32,4 ~2+0 0a7257 06700 2.200% 1. 3644 103445 la13b6
SL_ INCS  INCM DEV TURN _RHOVM-L RHOVM=2 U-FAC ONEGA-8 LDSS=P  POZ/ TEFF-A XEFF-P
OFGREE DEGKEE DEGREE DEGREE TOTAL TOTAL FOL TUT-§TG TCT=516
L ~5471 =3.69 0u¥5 52422 8Te5Z 101450 0.1322 0.2071 0s0469 D,9024 6817 70415
2 ~1002% =6037_ Llubk  44e20 91s%3 100.47 0s084) 021524 0.0472 0.9211 63,85 05aTE
3 13.90 —Be60  #+3B 36272 B525%  92.5% 00469 041709 020455 0.9434 75430 77el2
% -14a55 ~—Bakd 2406 3Tadé TbadB  Bledd 0e0426 G 1483 0e0417 0,9601 61,00 62450
5 —12.06 =5sLB  BaT3  A4eAd T742B  82.56 Da0733 Ge20l6 0.05% 0.9301 o5e0Z  bbakb
NCORR  WCORR T/TOD  PD/PD EFF-AD EFF-P TOz/TOL  PO2/POL EFF-AD
INLET  [NAET _NLET  INWLET _ INLET IMLET STAGE
RPM  LBM/SEC T % H
10676a 184043 13749 2.3283 T2 62 75.61 1.1559 049355 T4l
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APPENDIX D

TABLE XX(b} —

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA
(Tip Radially Distorted Inlet Flow, 100 Percent Speed)

U. 5. CUSTOMARY UNITS

ROTOR .
RUN NG 1ls SPEED CODE 10y POLNY ku 3

SL EpSi-1 EF5i=2 v-§ Ve VM- VH-z vB-i Vo-< 8-l B-2 A—-1 M-2 u- u-z ne-a Hr-i vr-l vi-2

OEGREE DEGREE FT/SEL FT/5EC FI/3EC FT/SEC FY/SEC FT/SEC DEGREE DEGREE FT/5EC FT/5EC FT/SEC FT/SEC

1 L4eB35 15.908 653,3 9EF43 653.3 b36.0 040 T757.2 040 4949 Q046061 0.8T41 &75.5 T60e3 DaBTLY 0.5625 93%aT &3bab

2 TaTt3 BelB8% 71949 96348 T19,9 £98a.3 Do) b606%a3 Da0 43t 06732 DuB¥54 86l.5 9007 1.0439 D.babT 1122.7  ¥37a2

1 4, 1JT  Za320 TH5.5 T83.9 74545 37742 0,0 53043 Qa0 4ind 020995 0a8761 103345 104140 121957 Qevo%7 L2T4ed T707

4 UsBtll =2a598  T32e5 T90.i 13245 bI%el 040 47le% Q0 36ub 000861 Ca®Blo 1198.0 11Bla2 143152 DaBzll L4D#e2 951.9

B —GaTbd 84004 24242 ToHked ¢€a7a? 5EI,.2 0.0 524.2 0.0 41ef 0453950 Oufb26 13606 13217 L3941 D.8368 1504.5 087.9
SL INCS INCH DEY TURN RHOYM=1 RHOYM~2 L-FAL COMEGA-B LOS5~F PD2/ ZEFF-P ZEFF-A @'=1 ot=2 ya'-§F vat=g earP0
DEGREE DEGHEE LEGREE LEGREE TATAL TOTAL POL TOT TOT OEGREE DEGREE FT/5EC FT/SEL iNLEY
=calll 229 19486 45.53 4317 4945 0e5L6T 0a2216 00510 1leb649 85.HT BAaBY 45,51 Du27 ~6T75.% -3.1 1.7172

1

2 -l.h0 2406 9.03
3 ~0.26  Ze%z  1la24
b ledB 3423 5,33
5 4488 belT  6a89

L Y-T¥Y) S8y 0T 0.5020 0uil326 00,0335 1,T7318 89.27 86a43
124T4 46a8l 4Ba 16 De5LT5 042020 040477 15569 TTa52 THalD 54425 41a51-1033.5 -5.0.8 1.0184
10310  &%,50 55a07 Ga4285 00808 0a0179 126860 9075 9007 58450 #8,18-1198.0 -T09.9 1.6893
L0487 37+76 50aTL Ou®bB57 041041 0.0223 1.8719 B9e17 BBelD 6he5H 5359=136046 =79744 L1aT153

ILATE  POIPQ EFF=pl  EFF=P wWCL/AL T02/TQ)  POR/PO)  EFF-AD EEf=-p
INLET  INLET  INLET INLEFY LBM/SEC ROTOR  ROTOR
z SQFT z Y
141928 1a7079 6526% Boa66 #1la80 1.1928  1.7080 85065 66467
STATOR 1
R RUN KNG 11, SPEED COLE 10, POIWT NG 3
SL EPS1~i EPSi-Z V-1 Ve?  WM=l  WM=g  ¥B=] Va2 8-1 B-2 =1 M- PO/PO T0/10 PO/PL  TO2/
DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC F1/5EC CEGREE UEGHEE IRLET ENLET STAGE  TOL
1 15.736 124278 10039 6651 67423 686327 T43a8 ~63.4  47e% =347 08891 0u564b6  Labl90 1-1847 1e56%7 lal847
2 Bs451 4u916  985.5 TT3.5 T32,8 V73,5 65549 sk 4éal 0e2 08672 Dabbld  1.7599 1.1920 125830 140920
3 2,289 -L.%15 B0A, 9 £nhel 6Ll1e5 H63s7 5294 —224F  40a%  -ZeD 0a6FF7 Qu5656 146102 1.1770 1.5501 1.1770
4 24219 =5,851 bBl5e.l T22.2 bbked T21a5 #72.2 32,3 35.4 Zeb Qe7052 Qavl83  1.8592 1.1764 1.6553  1.1784
5 =5,6H80 =Ba229 £E1726 TLE.B  624u& Tl3sB  527.9  66s5 4043 6eB De6936 0a6033  1,6450 1e2222 127915 1.2222
SLENCS  InNCH DEV TURN _RHOWM-1 RHOVM-Z2 D-FAC OMEGA=B LOSS-P _ POZ/ XEFF-4  XEFF=P
DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL Pal 2UT-5T6 TOT-5F6
1 2,93 =0,53 7452 51ab2 51eTB 59443 044989 Dal422 0£,0301 09428 Thadl  75.9%
2 =5.03 -le31  9.5)1 4T.72 55,96 T0.79 0e3755 080742 040181 09710 A3e4b  Bhe60
3 ~ha63 Dok Ta3h  G2464 50489  59.%0 Dudbab D.0213 D.OD58 0.9940 T5.34  T6eTh
& =919 =3,05 1201  32.83 5Tadt  bkatl Da2747 Du0629 D.01B84 0,9822 8680  8Te89
5 ~4e60 _ 2439 18,56 33449 5327 5153 042947 Del554  0.048% 0.9573 8l.50_  82.93
NCORR  WCORR T0/T10  POJPG  EFF-AD  EFF=P Te2/TOL  PO2/POL EFF-AD
INLET _ INLET EMLET  JNLET _ INLET INLET STAGE
RPM  LBM/SEC [} 1 i E]
10656. 184201 1.152B L1.656% &0.43 8la75 1.1428 09701 80.45
ROTOR 2
rUN NO 11s SPEED CODE 10+ POINY KD 3
SL ePSI-1_EPSE-s  y=1 V=i WM=1 VM=d VE=]l  Vé=2 -1 B-2 M-1 M-z =1 y=2 Hi=l M=l W) Y12
OEGREE DEGREE FT/SEC FI/SEC FT/SEC FT/SEL FT/SEC FT/SEC DEGREE CEGREE FY/SEC FI/SEC F FT/SEL FT/SEC
PooGeedh 9406 794u7 Lhblel 79345 H06e9 —42e4 81647 340 45,2 0s0838 0s9327 B%e5 88949 140305 0,658z 1397.5 BlOe2
2 3485 4e235 915.4 103547 915.4  7b59.8 2aT 67040 De2 4043 0oT975 0.8388 95440 96943 1.1501 13202 84446
2 ~2e4Tl —0.T72  B0OTaS ET90 BOTab 609a5 =21lek 56927 ~1a5 Uk (26989 Oy 7048 1057.6 1056a9 L.1659 1347.8 Bze.0
f -talbo =44S83 HlOWb B24e49 BlO0sl 59743 349 56640 2e5  434% 0.T005 Qab54H 116349 115242 142006 0Gubb59 138945 03049
5 ~Eer94 =T4575 T9%ab 840s5 V6944 605.0 8546 58345 682  43a9 0a672) D.6588 127249 125607 1.2068 U.7083 1426e0 9036

SL_INCS INLH LEV

TUAN RHO¥M-1 RHOVM~Z D=FAC OMEGA~B (0§5-P FD2f ZXEFF-P XEFF=h B'=1 Bi-2

var-| va'-p PO/ PO

LeGnEE UEGREF WEGREE DEGREE TLUTAL TOTAL rol 19T TOT DEGREE DEGREE FT/5€0 FT/SEC INLET
1 -ia.97 2e 8y lBW9? 4323 bba:3 Y3al% Da3276-0.0564 -0,0131 149823 104.08 104.46 %638 5.15 ~B89%.% =73.1 3.2220
2 =571 ~3.92 1lalé 25432 T¢wbU 940 9% 003620 00097 0.,0025 1.749% 99,09 9901 4640% - 20473 =95LeR —299,3 31,0543
2 -Dafo 4add Ta&3 1Talt 66.9E 7966 0a3866 0u(4%5 00,0102 146835 95,00 94atd 53e2]1 36505107740 46743 24TL40
% =0.5b 2a85 2el2 FaF8 66487 69« B8 0.3988 0.1398 De0313 LabS6lT BIuT0 Bleds5 54482 S4a44=112%) =586.2 2.587%
5 -0.57 lei 1.21 Be%5 65437 6BeS6 003668 0a1090 0.0267 1.5884 87413 86427 5633 67.88-118T.8 ~671.2 2a6061
To/an PL/PL  EFF=AD  EFF-P WLL/AL TOZ/TOL POZ/POL EFF-AD EFF-FP
INLET IhLET INLET  INLET LBM/SEC ROTOR ROTOR
. ] X SOFT E X
143982 Z2.BO9& 85.89 d7.76 #3.38 leli22 lu6958 §3.96 G440
STATOR 2
. RUN NO 1}, SPEEG LODE 10, POINY NL 3
St EPS]-f EPSI=y¢ v-i V=2 VM- YH-< Vé=1 V=g B-1 B-2 M-1 M=2 Po/Pn Tus10 PUSPU o2/
DEGREE DEGREE FT/SEC FT/SEC FT/5EC FT/SEC FT/SEC FT/56C DEGREE DEGREE INLET THLET STAGE Tal
I 7-73} Ded45 118723 920e1 B68.% 920.0 B09%T 14a7 43.2 Va9 0.9705 0.7256 3.0222 La%z 82 la8614 142053
2 445083 ~0u562 E06822 B54.5 83B3u%  854.%  665.1 =léed 3 =1la0 0.85687 O.4&TSHE 229277 143983 letThe 1aL7#5
3 24351 =04680 G0HaO 69242 70747 691e2 560920 =38.5 3848 =342 0s7TI0% Qe544%9 240620 1.374%9 Is&318 1lal686
% —0.979 -0.690 B4Bed  610a5 63049 6099 56T4Z =275 £ 0% =~2ed GabThS Dad?71 295454 L3765 145353 lalo4a
§ ~4a554% ~0.870 B8T4el 62929 64Teb  bZ9.7 5870 18.5 42l 1al Q26875 Da%B49 £e5523 _Lla4206 125544 lalb23

St ENCS INCH OEY

TURM RHOWM~1 RHOYM=2 D=FAC OMEGA—B LOSS—P FD2/

) . BEFF-A  LEFF~P
DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL POl TOT=5TG TGT=S1G

L —4.20 -2018 12417 " 42,31 97.30 115,489 0e2257 0ul369 0.0315 0a3379 93.9%  Fhad5
2 =675 2,89 9432 9480 98,0 09,8 o8 75 __Qn9587 .. 90438 S1.05
3 -5.91 -0.60 Ted2 4l.59 B2.% 86.43 Da285] 040859 0,0290 0e0741 20,72 9le33
4 214 4a07 7453 44a49 TEeTS  T7.16 0e2803 Ow0624 0eDLT7 0.9535 T8:71 79495
S m2aR4  bubbh 12445 _A0.54% 72452 7712 0,2791 050787 0.0233 __0.9787 B2u15  83.22_

NCORR  WCORR  TU/TA  POJPG  EFF-~AD EFF=P T02/T0L  POZ/POY EFF-AD

INLET __[MLET _INLET  INLEFT  INLET [NLET STAGE

RPM LBMSSEC 3 I 3

10658 184001 123982 2,7172 82,71 B84.92 l.l722 0.96T2 87.60
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TABLE XX(c)

U. 5. CUSTOMARY UNITS

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

(Tip Radially Distorted Inlet Flow, 100 Percent Speed)

ROTOR 1
RUN NO 11, SPEED CODE 10, POINT NO 4
5L BPSI=L EPSI~Z v} V=2 M=l YMe2  V@-1  ¥e-2 A=1 a=2 -1 -2 U1 U2 M-l M=l wi=l Yi-2
OEGREE DEGREE FT/SEC FT/SEC FT/SEC FY/SEC FT/SEC FY/SEC DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC
1 15.246 16.022 632.0 S92.0 632.0 546.4 0.0 B827.% 0.0  S56.5 0.5850 0.869% 5677.8 F62.9 0.B5TE 0.4823 926.8 550.3
2 B.565 0,487 691.9 942.8 4&91.9 b625.1 0.0 7T05.7 d.D  4B.5 0.6447 0.8195 964.5 903.B 1.03L8 0.5700 1107.2 &55.7
3 3,593 2.751 T22.0 £3%.9 122.0 578.9 0.0 408.6 0.0 46,5 0.6753 D.7204 10370 1044.6 1.1820 0.6216 1263.7 7T24,7
4 -0.897 -2.311 7T05.6 194.3 105.6 562.5 0.0 560.7 0.0 45,9 0.6587 0.07TT 1202.2 1185.4 1.3013 0,7141 1394.0 Ba0.%
5 =7,236 ~T.974 615.7 B800.% &15.7 506.9 D.0 &19.% 0.0  50.5 0.5609 0.6856 1365.3 1326.3 1.3838 0,7232 1497.7 §69.7
L INC5  INCM DEV TURN RHMOVM-1 RHCYM-2 D-FAC CMEGA-B LDS5-P  PD2/ %EFF-P SEFF-A 6'=1 @'-2 va'-1 ¥B'-2  PG/PO
DEGREE DEGREE DEGREE DEGREE ' . TOTAL TOTAL POl ' TOT - YOT  DEGREE DEGREE FT/SEC FT/SEC  [NLETY
L =0.910 3,39 12.82 53,69 42.27 45.31 0.56204 O.1861 0.0380 177971 90.70 89.92 46,91 -6.78 -677.86 65.0 1.8541
2 -0.14  3.33 T.92 3377 A5.17 54,48 0.5774 0.0545 0.0139 1.8712 96.08 95.731 51.37 17.60 -8664,5 -198,1 1.9506
3 0.6B  3.36  6.731  1B.19 45.96  54.04 D.5894 0.0943 0.0226 1.8139 9L.59 90.87 §5.20 37.01-1037.1 -436.0 1.8613
4 2,32 82T  S.10  11.58 43.58 53,45 0.5276 0.0700 00,0156 1.B790 93,22 92.60 59.53 47.95-1202.2 -424.7 1.8744
5 5.90 T.19  T.2Z2  L1.37 36.91 41,78 0.5658 0.1097 0.0232 2.0947 90.21 09.15 §5.58 54.22-1365.3 -TD6.T7 1.925&
TO/T)  PDIPC EFF=AD EFF=P WC1/AL TO2/TOL PO2/PD1  EFF-AD EFF-P
[INLET  INLET  [INLET INLET LBM/SEC ROTOR  AOTOR
z T SQFT . x T
1.2206 1.B990 91.06 91.82 49,89 1.2206 L8996 91.11 91.84
STATOR 1
RN ND 11, $PEED LDDE 10, PDINT NO &
SL EP5I1-1 EPSL-Z2 V-1 V-2 VM-l YN-2  we-1  ¥B-2 B-1 B-2 M-1 M- 2 PO/PO TO/T0 PO/PD TO2/
DEGREE DEGREE FT/SEC FY/SEC FT/SEC FT/SEC FY/SEC FT/SEC DEGREE DEGREE INLET INLET STAGE  TOL
1 15,798 12.292 996,01 £25.7 S575,2 523.4 B13,2 =48,9 54,8 =5,3 0.8735 0.4376  1.74A1° 1.2026 L6944 1.2026
2 B.617 5,231 955.6 652.T 6£50.6 652.4 700.0 =20.3 47.1 ~1.6 0.8322 0,5486 1.8957° 1.2045 1.8190 1.2045
3 3,308 -0.246 FE55.8 6L5.5 602.8 614.0 607.5 =-42.1 45.2 -~3.9 0.T7355 0.5158 1.8522 1.2038 1.7844 1.2038
4 -1.123 -3.903 EB11.B 609.0 587.4 608.3 560.4 29.1 &3.7 2.7 0.8913 (.5085 1.B401 1.z7108 t.8393 E.2108
§ -6, 317 =T.04L B2ZT.4 B05.8 S43.6 &05.5 623.B  17.5 49,0 1.7 G.6901 0.4945  1.8433 L2834 2.0030  1.263%
S5t INCS  INCM DEV TURN RHOVM-1 RHOVM-Z D~FAC CMEGA-B LDSS5-P P02/ TEFF-A IEFF-P
DEGREE DEGREE DEGREE DEGREE v TOTAL TOTAL POl TAT-5T& TAT-STG
L 4.00  6.40  %.95 66.11 4t.54 32,96 0.650870.1455 D.0306 O.9428 80.20  81.%59
2 0.12 3.83  7.50 48.89 5B.24 67.83 0.4981 0.0732 0.0179 0.9132 91.06  91.76
3 -0.27 47T 5.39 459.15% 55.72 43,44 0, 4877 0.0518 0.0141 0.9843 88.20  89.11
4 =0.95  5.19 L2.tT 40,91 55.25 62.32 04429 0,0624 0.0185 0.9829 90.20 50.9%
5 4,04 11.09 13.43 41,32 50.47 59.96 0.5024 0.1586 0.0496 0.9573 83.21  B&,.T4
NCDRR  WCDRR TO/TOD  PO/PC  EFF-AD EFF-P TB2FTO1l  PQ2FPOL EFFw 4D
INLET  [NLET [INLET ENLET  INLET [NLET STAGE
RPM  LBM/SEC t T T
13695, 179.96 1.2206 1.B4L5 B6.31 BT.42 1.2206 0.9697 86,36
ROTOR 2
RUN NO 11, SPEED CDDE 104 POINT NO &
5L EPSI=1 EPSI-2 V-1 V-2  ¥M=1  YM-2  VB=1  ¥§=2 a-1 B-2 u-1 =2 -1 u-2 Mi-L  Hi=1  wi-l V-2
CEGREE DEGREE FT/SEC FT/SEC FT1/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC
1 9.513 9.il% &12,2 10346.% 610.3 696.5 -4T.8 T68.2 =4.5 #T7.5 0.5121 0.8275 857.5 ~ 893.0 0.9151 0.5647 1091.8 T0T.&
2 3.4956 A.B4l  THS.T 949.2 T45.5 667.8 ~18.9 BTA.S 45.% 0.6326 D.7536  957.3  972.7 L.0%20 0.5805 12728.3 T3l.4
3 -1.792 ~0.58B 69&.1 EE6.1 8£53.0 6046 40,3 £20.2 45.7 0,5859 0,6797 1061.3 1D60.6 1.0985 0.5870 1301.5 T48.0
& =4.T32 -3.670 660.8 B831.4 68D.2 466.0 29.2 588.5 56,9 0.5541 0.6429 {(L68.0 1154.2 1.1038 0.5106 1316,3 660.2
5 -6.972 -6.679 &83.0 B35,1 #B82.8 538.9 17.7 592.1 45.0 0.5613 0.63T2 1277.3 1259.0 1.1774 0.6789 l432.8 BB89.7
SL INCS  INCM DEY TURN RHDVM-1 RMCVH=2 D~FAC QOMEGA-B LOSS—P P02/ SEFF-P XEFF-A B'-1 H'=2 v@'-1 v@'-2 PO/ PO
DEGREE DEGREE DEBREE DEGREE ' © .. TOTAL TOTAL POl TOtT TOT  DEGREE DEGREE FT/SEC FY/SEC  INLET
1 5.94 10,39 23.92 #5.79 59.47 89,62 O.¥578-0.0454 -0.0104 138958 102,98 103.25 55.89 10.10 -905.3 -124.8 3.3272
3 D.BZ  S.61 M4.4&  2B.5T  T4.24  BB.16 D.4091 0.1093 0.0257 1.6899 90.30 89,56 S52.5T7 24.02 =976.2 -298.2 3.2099
3 4.3  8.95  7.85 2L.TT 69.03  T9.20 0.4254 0.1691 0.0388 1.5478 B4.02 B2.87 S57T.84 36.07-1101.5 ~440.4 3.0477
% 4.5l  Be3Z  Z.T3 L4.83 66.0T 60,19 0.4995 D.2669 ©€.0591 1.6301 T5.E7 Té.lT 59.89 45.05-1130.8 -4567.T7 Z2.9996
5 4.2l 639  1.71  13.03 $£%,35 T6.19 D,3TTZ 0.1340 0.0323 1.665% B84.30 085,28 51,4k %8.3B-1259.6 =666.9 3.0700
TO/TO  POSPD EFF-AD EFF-P WCL/AL To2/Tol POZ/PDY  EFF-AD EFF-P
INLET  THLET  INLET TINLET LBM/SEC ’ ROTOR  ROTOR
\ 3 X SQFT x k]
1.4485 3.1156 85.13 47,27 38.61 1.1867 1.6918 B6.12 87.11
STATOR 2 RUN WO 11, SPEEO CODE 1Q, PDINT NO 4
SL EPSI-1 EPSL-2  ¥-1 v=2  yM-1  VM-2 V-1  Ve=2 p=-1 8-2 M= -2 PO /P0 T0/70 PO/PD TD2/
DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE ISLET INLET STAGE  Tal
1 T.B66 0.61% 1062.8 736.4 Tél.é 739.3 7Té61.5 4.0 W50 1+1 0.B5L1 D.5T15  3.21%5° L% 3486 1.8370  1.1929
2 44725 04122 9T0.6 6B2.B 7T00.% 682.8 &T2.0 A2 4D 0.4 D.7723 D.5278  3.14k2 1.4214 1.6538 1.1800
3 2,321 0.049 B85.2 SHE.3 633,27 585, 618.6 -20.0 44.3 -1.9 0,6962 0,44956  3.0061 1. 4237 1.6236 1.1825
6 ~1.576 -0.374 B851.9 536.T 499, 7T 53b.b 6B9.9 ~4.8 54,0 -0.5 0.6601 D.4059  2.9395 1+45130 1.5976 1.2021
§ -5,582 -1.120 B63.5 582.8 625.1 582.5 595.7T 20.3 43,7 2.0 0.6606 0.4359  2.9725 1.4930 1.6}127 1.1823
WL INCS  INCH DEV TURN RHOVM=] RHOVM-2 D-FAC OMEGA=-8 LOSS=P  POZ/ TEFF-A TEFF-F
DEGREE DEGREE DEGREE DEGREE o TOtAL TOTAL  POL TOT«$TG TOT=5TG
L =1.41 0461 12.38 44,88 93,75 108,17 0. 3057 0.0895 0.0206 0.9662 9T.66  97.86
2 -l.65 2.22 10.867 43,56 91.30 1D0.BS 0.3009 0.0717 0.0178 0.9764 85.27 B6.28
3 =0,328  4.93 B.35 46,28 682.14 85.567 0.3432 0.0661 Q.017T 0.9B815 g0.81  BZ.06
4 10.00 16.20 9.60 S54.55% 63,89 76,54 0.3708 0.07%& 0.0212 4.9810 T0.3%  T2.21
5 -0.76 6.12 12.911  4l.70 79.75  80.79 0.3250 0.1259 0.0372 0.9681 79.51  80.84
NCORR  WCORR  TOSTO  PO/PD  EFF-AD EFF=P TQ2/701  PO2/PO1 EFE=AD
[NLET  INLET TNLET INLET INLET [INLET STAGE
RPM  LBM/SEC % ] ) X
LOA9S. 179.96 1.4485 3.0374 B2.91 85.32 1.1867 89749 Bl.45
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OVERALL PERFORMANCE AND VELOCITY VECTOR PARAMETERS
FOR CIRCUMFERENTIALLY DISTORTED INLET FLOW

APPENDIX E

This appendix provides overall performance and velocity vector parameters for distorted in-
let flow with casing treatment and design stator-settings. The data is presented at 70 percent
and 100 percent of design speed. An overall-performance and stall data summary is given in
Table XXI. Velocity vector parameters at the fan inlet and exit are given in Tables XXII and
XXIIL. Circumferential distributions of total pressure ratio and total temperature ratio are
given in Table XXIV. The velocity vector parameters (V, V., and Vy) are presented in feet
per second and are based on standard day, inlet plenum conditions. The circumferential re-
ference position is TDC looking forward. The relative position of the circumferential-distor-
tion screen is 246° — 336° (hub) and 246° — 326° (tip)— tip is 100 percent span. §° is de-
fined as tan’! (tang/cos €), where e is the design value.

TABLE XXI— OVERALL PERFORMANCE AND STALL DATA SUMMARY
WITH CIRCUMFERENTIAL INLET FLOW DISTORTION

PERFORMANCE
Percent of Number of Screen

Ref. Code Design Speed Location Points !
10-70-21 70 4
10-7Q0-22 70 4
10-70-23 70 12

10-10-1 100 4
10-10-22 100 12
10-10-2 100 12

STALL POINT DATA

Notes:

Percent of Corrected
Design Speed Flow Flow2
{Ibm/sec)
70 95.1
100 169.2

(1} See page 25
(2) Corrected flow = Wy /B78

FRESIDING pogy pr 4
NOT FmMrpy

Correcied
F |OW2
{lbm/sec)

124.2
110.5
96.0
182.4
180.6
177 4

P16/P6

1.740
2.888

167

6
1.526
1.713
1.735
2.352
2.819
2.847

Stall
Margin
(%)

254
120

Mg, 16
(%)

7398
81.43
7.398
73.77
BL.56
81.22
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TABLE XXli{a)

Ref. Code 10-70-21
W/ 875 = 124.2 lbm/sec
P16/Pg = 1.526

Py = 2009 Ibf/ft2

o
To=515.4"R

T2°
p6i% - v
98e ey 428 3yge
308 240 3% 3P
9oz 9146 436 380
1904 el 12% 302
PR a6 e3p 3320
Flg w1ab 033 380

162°
[Pt 8314 2B 3iae
-359 B7:8 133 3&2.
ok 'Bﬂli [k 3-1.11)
205 EB8+8 134 3IBpe
gy B *3p 330
912 888 433 385

a52°
[LELTECTT BT T ) J
1887 7Ee? 433 %43
(111 B142 030 385,
384 Bied 35 351,
297 Bne? #3585 334,
885 8geg e35 28y

E
sa9% 191¢9 +35 3884
LTy 13 g 139 A2be
w77 LE L T
vk, FBeg  ean a3y
o994 378 13 AgBe
+BE8 3048 438 4P

Vo

F I
178
9
FLED
FFED
343

310
3!?0
384
8pe
kxl 1)
38ge

LU
354,
375
FLLT]
42,
3TBs

J&ar
#130
437
L3 b ]
AL
¥t

VELOCITY VECTOR PARAMETERS AT FAN INLET

{Circumferentially Distorted Inlet Flow)
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Ref. Code 10-70-22
W/ 076 = 110.5 ibm/sec
P16/Pg=1.713

Py = 2021 Ibf/it2

o
To=516.2R
T2t
FefFy p6ffp 20- 8% M W
1984 1945 9,48 1z 287
986 4331 958 439 szli
+S8Y el 94y '3 342
«387  +ug7? 95-3 *35 237
1985 edén 908 ep 2B&e
9886 1232 907 s3b 31%
B2
+983  +94a i a2 Eg?a
vIB4 '531 gg:; uz' 311
986 ¢35 BAsw  s3y 338
v988  +927 A8e4 13 333!
1988 adey LETE T 11 1)
1985 r233- BEed  12f ne
252°
#3577 w5g9  78e3 13} 2984
296L  edzy 7948 +3b 29490
4967 ¥y BiaB #2932 go
2974 2813 Stef 13p 33N
+9B3  +92S B14B ¢3p 3270
374 «d2g Epad #R2} 32pe
Jhot
8, w7 1gi0é 28 b
138E  e9¥yq 100*3 33 363+
2384 +908 SE18  e3k ATk
v388  e93p SExS 133 389
1988 93, F8ag 429 3g8e
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s!?o
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2lke
KIL L
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F 13U
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g
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Il
k111]

Vg -
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vé1 2543
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i
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i 20ed
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L L

Tyr 39}
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48 28.3
iy v
A 1902
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o551 pge3
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Ref. Code 10-10-1

W/ 076 = 182.4 Ibm/sec
P16/Pp = 2.352

Po = 1445 Ibf/i12

To = 514.5°R
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VELOCITY VECTOR PARAMETERS AT FAN EXIT

{Circumferentially Distorted Inlet Flow)

Pi6fEn

[ 33781
EiyBL
2154%
gr878
FLLT)
XL 1]

rva1e
T
Z1BE
LT
Lra7E
prad¥e

L 113
21733
2453
Eha7h
2168
preb

EIEEE
a3y
F13-1:3
ey
Belzy
prti93

Ref. Code 10-10-2

W</ 8/6=177.4 lbm/sec
Pqg/Pg = 2.847
Po = 1501 Ibf/ft2

To = 504.0°R

p16/E

2reph
20208
gvigh
1'!g5
21%3
Jav2pR

41240

2vgs

a'zai
dvzdy
2Us3%
2izea

2°48%
2epd
g2z
arag?
2raal
24335

poped
gzl
a1
205
gra13
Ze. 95

wo- B*

Bled
(10 4

4343
8.7
49,6

&815
For s
937

5505
'85:6

9y

LLTY.}
g3

9547
87.4
gy

Favp
88+

5709
41}
913
XY ]

¥

164
wl
hé
(13}
iy
55

hy®

ER3e
ki1 1]
Giél
(311
868
T13e

1367

(138
55
AL L]
w7
*5g
L7

183
158
42
4d
"By
[1-1

*11

7
+52
+5§

(3-11]

78

ot
569
bqpr
6;&-
§74n

2z6*

F6le

565

-

YT}

LEET]
gl

439
[ 1T 1]
i

Ia-U
37y
bt

Tide
Babs

Ry

T
LI
l’.

Eé'
LI
=37
L1
@B
'el

1he
whe
vl
oy be
ek
g

=8a
1
24
&

[
-1*:

YLl
P10 ]
areh
293

hyep
iéll
272
27ed
2303

1)
292
zals
g
29:8

P16/ Toypr6iPo

pedal prgBe
2eTéE gvpls
,.5&5 ANy
grénd arghg
geddd grges
ety pezhp

FXL.1 1] 2'201
2838 Fedgy
£e¢92] pey97
FXLLIIF1IY 1)
o629 gLl
BedIp 20190

2eT4hs E'lhn
21996 2¢p34
2e807 wepap
2183, 2epne
golby @eady
ErOLE Pradh

2eSLE 2198,
2e586 peoss
ZeaPa gappe
2ebIz zegah
gredg gepad
Brbop RvEdp

50- B°

gy

2344
LIk
a6

fore

ELN

9.5
10l
1111 )

A2k

NS
76
Iged
e

B?-i
8a:2

89y
.

83,7
R JETS

%"

61 Appe
55 Tige
iy AT
47
*82 7%
+F2 &7

163°

+BS  Bads
18 765
roE S
a9 638
W8 T4
w86 TgH

(LT B T 11

3u6"

(Y- 3P
shh 57

iy [ 1
l:g li;:
.

4 B

Vi ¥ 90- gt
Bopr £ %R
7;;- *3s X509
$7{¢ whis 278
» t! -wyfv 2744
#75. 280 290k
(34 TRENNCT TR
[ TTLI : AT LT
TaEr T By
LITTRRCIE IO | 1Y
38 o gird
7 ey B9e2
Tuls i- -
7aar  Byie J9R
6} ) !il ::&3
llln -whe Fhay
ABae A 25D
$84s  Bhe Eérg
[ TR 1 L]
992+’ B 33e?
1722 sihe 909
'l 1 mpTy 845
[1IY !i!' 283
T L A gy
LIELINEL S L R



9L

10
clad

%0

70

33
FR

19
3Q
50

93
»R

12
o
52
70
a0
La

FidfTy piofFy .

20965
2y 38
go&;3
2+ 548

PRI
;:g%u

FLLLT
3-309
gedla
AS4E
glbgﬂ
2véiz

24813
2eAn’
Elhgu
I-11-1:3-
2eSBy
2ol

24338
FLETES
ars

3.539
117
BBy

2raph
2'182

20,7y

gebé
FLEYA)

ariba

20194
FLECL)
2eaty
18T 14
Zuydn
[ASLE

aey"®
zn;sE
2%y
ZeLED
2e133
Bv1d7

FARLE
2len,
2tz
2
T

253

- B
arss
9947
’ilq
!;-2
87.7
| P

Al
19,2
L F I

l;-;
8716
8% 4

LT
89y
LI ILs
BE.+H
8748
%42

BBe®
L L

3,9
Spap

TABLE XXlll{c}) —

16°
H

(1.1
54
44
43
162
(L0

BaBe
47}
434,
[1.I'1]
1p3e

13°

1111
r43
147
L1 3
(1.1
87

(}-1.]

43

[.LO
L L
Sp2e
#E9e
Tads
736

BRln
Ty
L] él
4360
(134
1°3|

‘Ba7.

LT.LL
v
[ 1.1
To2e
T35y

Byge
B2
LLED
[-3-F1]
L

s LY

Qllt
829

<k,
1.7

21+
-1 1%

Y

g
Ry
liio
‘U! L]

2l

L1

2ée
13
-wpfa

£bv
1ot

1
afe
Lar
bt 1

-4

EIT)
338
p7s8
28k
2919

43vd
ek
e
I

agf

Mva
392
b1 111
299y
2548

VELOCITY VECTOR PARAMETERS AT FAN EXIT
(Circumferentially Distorted Inlet Flow)

Ref. Code 10-10-22
W~/ /5 = 180.6 Ibm/sec
P1g/Pg=2.819

Po = 1491 ibf/ft2
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VELOCITY VECTOR PARAMETERS AT FAN EXIT
(Circumferentially Distorted Inlet Flow)

Ref. Code 10-70-23

W+/0/8 = 96.0 tbm/sec
P16/Po = 1.735
Po = 204 kIbf/12

To = 514.3°R
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8L1

Pressure Data

£ Span

10
30
e
70
B
MR

FPressure Data

4 Span

10
30
50
70
S0
MR

Pressure Data

i % Span

10
30
50
70
90
ME

TABLE XX{V{a)

1

1.591h
1.6L57
1,5301
1.1368
1.h632
1.531

i

2.L129
2.L255
2, 30hk
2,1886
2,1L0s
2,282

110°

1.5363
1.5573
147681
1.L099
14347
1,490

110°

1.8097
1,7282
1.6283
1.6206
1.6281
1.686

1107

2.L610
2.3706
2.2310
z.1252
2,0975
2,250

—  CIRCUMFERENTIAL DISTRIBUTIONS OF TOTAL PRESSURE
RATIO AND TOTAL TEMPERATURE RAT!O AT 2ND-STAGE
STATOR EXIT (Circumferentially Distorted Inlet Flow)

Ref. Code 10-70-21
W+/075 = 124.2 lom/sec  Po = 2008 Ibf/fe2
P15/Pg = 1.526 To=5164"R

Temperature Data

200° 267 % Span 60°
1.5250 14602 10 1,2106
1.5502 1.5303 30 1,1887
1.L&sk 1.389% 50 11,1614
1.398L 1.3357 70 l.1l72
L.L2ss 1,3829 90 1,1622
1479 1,L20 MR 1.1729

Ref, Code 10-70-22 Po = 2021 Ibf/ft2
W./8/6=1105lbm/sec T, =516.2°R
P16/Pg=1.713

200° 287° % Span 607
1,7889 1.7096 10 1.2166
1.7202 1.5604 30 1.1967
1.6250 1.5905 50 1.1878
1.6160 1.5976 70 11845
16267 1.6140 20 1.2176
1.678 1,635 MR 1.2015

Ref. Code 10-10-1 Po = 1445 Ibf/ft2
W/ /6= 182.4 lbm/sec Ty =514.5°R
P16/Po = 2.352

Temperature Data

200° 2877 % Spah £0°
2,421 2,1136 10 L.hhs2
2.3797 2,1860 30 1.3944
2.21%4 1,%9210 c0 1.3660
2,0993 1.8828 70 1.3320
2.0771 1.5067 30 1,1810

2,233 2.001 ME 1,3816

L7

1,2091
1.1798
L1.160%
1,1433
1.1629
1.1699

7°

1.2165
1.1942
1.1677
1,1898
1.2175
1,2018

W77

1.1206
1.370L
1.3517
1.32%6
1.37L0

13690 |

237°

1,20089
1,1692
1.1484
1.13L0
1.1551
1,160k

237°

1.2096
1,1880
1.1811
1.1850
1.2128
1,1960

237°

1.h10h
1.3583
1,336
1,3187
1.3610
1.355%9

330°

1.2207
1.204L
1.1839
1,1690
1.1838
1.15916

330°

1,2198
1,206
1,2047
1,209
1.24LY
1.2179

330°

1,Lho9
1.l11g
1.3912
1.3777
1.4018
1.4039

3 X{AN3ddv
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TABLE XXIV(b) —

Eressure Data

4 Span

10
30
50
70
90
MR

20

1.8402
31,7282
1.6632
146697
1.658%
1.716

Temperature Data

% Span

10,
30
5Q
TO
90
MR

30"

1.2276
1,213%
1.2196
1.2530
1.2973
1.2430

b

1.8361
1.7403
1.65301
1.6L50
1.6L37
1.713

570

1,2258
1,2134
1.2158
L.2421
1.2862
1,2367

290

1.,2193
1,2038
1,2107
L.2415
1.2889
1,23%2

CIRCUMFERENTIAL DISTRIBUTION OF TOTAL PRESSURE RATIO
AND TOTAL TEMPERATURE RATIO AT 2ND-STAGE STATOR EXIT

{Circumferentially Distorted Inlet Flow)

1Lc®

1.8278
1.7322
1.6721
1.67°8
1.666L
1.718

1207

1.7163
1.2023
L1.2072
1.2345
1,281z
1.2280

Ref. Code 10-70-23
W~/ 0/8 = 96.0 Ibm/sec

P1g/Po = 1.735

Po = 2041 Ibf/f12

To=514.3°R
137° 170° 197°
1.8188 1l.8175 1.8020
1.7L08 1,7299 17378
16600 1.67L4 1.6587
1.650L3 1.6750 1.6613
1,5007 1,667 1.6057
1,712 1.716 1.709
e 180° ?07°
1.72182 1.2160 1.2189
1.2064 1.2006 1,2063
1,7062 1.2058 1.2027
1.2057 1.2261 1.2194
1.2687 1.2702 1.2618
1.2253 1.220L0 1,222}

?30°

1.80%0
1.7216
1,6739
1.6750
1.6727
1.713

2u0°

1.2123
11584
1,2026
L.210k
1.2606
1,2193

260°

1.7579
1.85915
1. 8465
166805
1.6652
1.667

269°

1.2108
1.2025
1,2028
L.217%
1.2584
1.2189

287"

1.7280
1.7089
1.6522
1.6488
1.6552
1.679

297"

1.21h6
1.2151
1.2173
1.2319
1.284%
1.2297

320°

1,7720
1.7063
1.6620
1.6728
1.6766
1.699

330°

l.2229
1,2126

1.2202
1.2Lh8

1.2639
1.2378

37

1.7828
1.71L5
1.6482
1.6454
1.6549
1.693

357°

1.2298
1.2164
1.2191
1.2u56
1,2910
1.2L18
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TABLE XXIV{c}

Pressure Data

% Span

10
30
50
70
0
MR

20"

2,9L46
2.7L88
2.5721
2.5986
2.6332
2,705

Temperature Data

Span

10
30
50
70
Q0
ME

20

1.kb7l
1,41k3
1.Lo%0
1.l19%
1.L66]1
1.4334

Pressure Data

% Span

12
30
50
70
20
MR

20°

2.9754
2.7870
2.523L
2.5067
2,5657
2,650

Tempsrature Data

% Span

0

1.L558
1.4179
1.3988
1.Lo9),
1.LL77
1.h282

N

2.9009
2,7803
2.5208
2.5L57
2.56807
2,683

mw

2.5430
2.789L
2,568
2.5876
2,627
2,707

it

1.4316
1.3892
1.3962
1.h027
1.Lbso
1.4163

el

2.9248
2, 7803
2,5159
245416
2.5675
2,674

it

1.Lb23
1.4025
1.3935
1.3850
l.k3g2
1.L3138

CIRCUMFERENTIAL DISTRIBUTION OF TOTAL PRESSURE RATIO
AND TOTAL TEMPERATURE RATIO AT 2ND-STAGE STATOR EXIT
(Circumferentially Distorted Inlet Flow)

Ref. Code 10-10-2
W+/B/8 = 177.4 lbm/sec
P1g/Pg = 2.847

110° 137° 170°
2,9190 2.930L 2.,9009
2,7783 2,8116 2,7778
2.5h6L 2.5718 2.5480
2,576 2.56003 2,5735
2.55950 2.6317 2.5958
2,650 2,717 2,686

120° L7 160°
1.3k 1.h327 1.4290
1.3546 1.3993 l.3921
1.3938 1.3915 1,395
1.Lo3s 1l.L039 1.LooT
1.L386 l.bL2ko 1.huké
1.h142 1.,L135 1.0129

Ref. Code 10-10-22
W/ 075 = 180.8 lbm/sec
P16/Pg = 2.819

110° 137° 1¢0°
2,9157 2,49070 2,8862
2.7836 21893 2.76L%
2,507L 2,5201 2,499l
2,5380 2,5L23 245260
2.528) 2.5689 2.5268
2,066y 2.675 2,650
120° 7 1807
1.h33% 1.43k0 1.h31l
1.3984 1,3967 1.3929
1,3848 1.3884 1.3870
1.3861 1.3915 1.Looy
1.L3l 1.428kL 1.0676
14091 1.Lo7y 1.L1vg

Py = 1501 ibf/ft2

To = 504.0°R

197" 230°
2.5910 2.8521
2,7896 2,752
2.55%8 2.5270
7,5833 2,5501
2,6160 2,5772
2.6 2,657
207° zLo®
1.L297 l.Lzug
1.3949 1.38L8
1,39721 1,3882
L.LoLs 1.h010
L.4,368 1.hLCh
1.k123 1.hog9

Po = 1491 1bf/ft2

To = 500.8°R
197" 230°
2.8661 2.8527
2. 7582 2.7330
2.503L 2.L8sk
2.5275 2,5097
2.5544 2,5202
2,647 2,628
207° 240"
1.4L268 1.h352
1.3914 1.3655
1.385L 1.3682
1.3957 1.3812
1.L208 1.hLB&
1.ho7h l.Loye

260°

7, 6885
2.6201
2.4965
2.5156
2.5578
2.577

267°

1,4L093
13795
1.3855
1.4L050
1.h3és
10046

2E0°

2.6503
2,5843
2.h261
2,LL0L
2.4783
2,528

267°

1.4083
1,3718
1.3772
1.388L
1.1158
1.3927

2B87°

2,5220
2.597%
2,5037
2.5528
2,5950
2.567

297°

1,430y
1.4296
1.48L0
1.4930
1.5173
1.L632

287°

2.5212
2,5728
2,4803
2,L881
2.535h
2,521

297°

1.h2yy
1.h222
1.LLLO
1.L772
1.L983
1.h5LO

320°

2.53L6
2,6657
2.6371
2.6509
2.7021
2,656

asc°

1.h857
10677
1.L685
1.511L
1.5341
1.L965

320°

2,5511
2,6311
2.5435
2,5536
2.4100
2,581

330°

1.L813
1L 601
1.4823
1.L996
15647
14961

3u7°

2,7918
2,687
2.5316
2. 646k
2, 6866
2,674

LY

1.L377
1.k500
1.l329
1.L264
1.L572
1.hhso

357
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